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SUMMARY

The *an-machiue interface (MII) is a critical element of C3
systems. There are, however, no presently available guidelines for
defining MIII functional requirements and specifying MIII software
design. In this report, it is recommnended that ESD/MITRE should
undertake a collaborative effort to explore the potential
development and application of MIII design guidelines in Air Force C3
system acquisition.

The first step in MMI design is to decide what is needed. MII
requirements definition must include consideration of user/operator
characteristics, the information handling requirements of people's
jobs, and the functional capabilities that can be provided in the
MIII. A requirements matrix is proposed, to illustrate how MII
functional capabilities can be systematically related to the dem~ands
of operator tasks.

The second step in MIII design is to develop specifications that
will communicate functional requirements to the system designers.
In addition to the requirements matrix, guidelines for software
design should be provided with respect to dialogue type, data
entry/input, data display/output, sequence control, user guidance,
and other interface functions. A sample set of design guidelines
for data entry functions is proposed to illustrate what might be
derived on the basis of current knowledge.

Given effective requirements definition and guidelines for MII
design, an important further step in system acquisition is to ensure
design review and verification before software implementation. For
this purpose, specific documentation of MIII design will be needed.
Such documentation will help coordinate MIII design during system
development and will provide a continuing standard for any
subsequent design modification. Possible approaches to MIII design
documentation are proposed here for consideration.

These proposed tools for improved MIII requirements definition
and design need further development and evaluation in practical
application. It is recommended that a continuing effort toward that
end be undertaken in cooperation with system acquisition program
offices.
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SECTION 1

INTRODUCTION

The man-machine interface (1111) is a critical element of
military command, control and communication (C3) systems. There
are, however, no presently available guidelines for defining MMI
functional requirements and specifying MIII software design. Steps
to meet this deficiency are currently being initiated by the other
military services. It is proposed that MITRE should undertake a
collaborative effort with the Air Force Electronic Systems Division
(ESD) to explore the potential development and application of MII
design guidelines in Air Force C3 system acquisition.

TILE MIII IN SYSTEM ACQUISITION

The phrase "man-machine interface", abbreviated MIII, is
frequently used by system designers, sometimes with different
meanings. In the broadest sense, "man" refers to the people who
will use and maintain a system. Some of these people are women.
Because the operational jobs in C3 systems generally require neither
exceptional strength nor dexterity, neither men nor women have any
special advantage in performing those jobs.

"Machine" can refer to the tools provided people to accomplish
their jobs. The tools used for C3 information processing usually
include a computer with its associated terminal equipment --

displays, keyboards, printers, etc. Also important, however, are
the software programs that govern the logic of computer use, the
task allocation and operating procedures that give purpose and
structure to a person's interaction with a computer, the paper forms
which may contain data for entry into the computer, the operator
manuals and other paper files which may have to be used in
conjunction with computer processing, and other conditions of the
work enviroment which influence job performance.

To acknowledge the multiplicity of factors which influence a
person's use of information processing tools, the man-machine
interface should be characterized in the broadest terms as person-
system interaction. This is the meaning intended here: any aspect
of system design that influences user performance is part of the
man-machine interface.

Given this broad definition, to say that the MIII critical to C3
system design is to state the obvious. The purpose of most C3
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systems is to facilitate the collection, processing and
dissemination of data for human use. Thus poor design of the MMI

must inevitably work against the fundamental objectives of system

design. Task analysis, review of operating procedures, equipment

selection, workspace configuration, and especially MMI software

design -- all must be done with care to ensure effective system

operation.

Not only is MMI software design critical to system operation,

it can also represent a significant investment of effort in C3

system development, ranging from perhaps 10 to 50 percent of the

operational software production during initial acquisition, plus

software maintenance to accommodate changing operational

requirements thereafter.

Given the importance and the extent of MM! software, some way

must be found to determine MMI software requirements in system

functional specification, to provide guidelines for MMI design, and

to verify the design before implemei.tation of MMI software. This

desired sequence of requirements analysis, function specification

and design verification is essentially that called for in Military
Specification MIL-H-48655B (1979). What steps can system developers
take to achieve this sequence in MMI software design?

NEED FOR GUIDELINES

The actual sequence of MMI software design in C3 system
acquisition will sometimes depart from the principles specified in
MIL-H-58655B. There may be no explicit attempt to determine MMI
requirements. Specifications may include only rudimentary
references to MMI design, with general statements that the system
must be "easy to use". In the absence of more effective guidance,
both the design and implementation of MMI software may become the
responsibility of programmers unfamiliar with operational
requirements. MMI software may be produced slowly, while detection
and correction of design flaws occur only after system prototyping,
when software changes are difficult to make.

It seems fair to characterize present methods of MMI software
design as art rather than science, depending more upon judgment than
systematic application of knowledge. As an art, MI design is best
practiced by experts, by specialists experienced in the human
engineering of man-computer systems. But such experts are not
always available to help guide system acquisition generally, and
certainly cannot guide every step of MII design at first hand. What
seems needed is some way to embody expert judgment in the form of
explicit procedures and guidelines for MII design.

8
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Present human engineering standards and design guide books are
of little use to the software designer. Military standards are
oriented toward hardware design ("knobs and dials") and physical
safety ("avoid sharp corners"). We need similar standards for 1111
software design.

MIL-STD-483 refers only briefly to MIII software design,
indicating that human performance/human engineering requirements
should be specified for "minimum times for human decision making,
maximum time for program responses, maximum display densities of
information, clarity requirements for displays, etc." (1970, page
43, paragraph 60.4.3.2.2.1)

MIIL-STD-454F offers just one paragraph on the general subject
of human engineering:

Human engineering design criteria and principles shall
be applied in the design of electronic equipment so as to
achieve safe, reliable, and effective performance by
operator, maintenance and control personnel, and to
minimize personnel skill requirements and training time.
MIL-H-46855 shall be utilized as a guideline in program
planning and MIL-STD-1472 as a guideline in applying human
engineering design criteria. Quantitative human
engineering requirements shall be as specified in the
contract.

(1978, page 62-1)

MIL-STD-1472B (1974), the iajor human engineering design
standard for system procurement, is concerned almost exclusively
with hardware design.

Some guides to MIII software design might be reasoned by
analogy. Just as we should not design sharp corners on hardware, we
should not include hazardous features in user software. Just as a
physical step may be marked with a painted line to keep us from
tripping on it, so we may seek some way to signal abrupt shifts in
the logical steps of an interactive sequence. A pushbutton reserved
only for emergencies may be shielded to prevent accidental
activation. So too it is possible to provikde software protection in
the MIII to prevent accidental initiation of critical actions. But
such analogies do not take us very far.

Current efforts at re-wording human engineering standards do
include token references to software, but still provide no explicit
guidance, no advice on how to avoid "sharp corners" in man-computer
interaction. So there is a dilemma: guidelines for MIII design seem
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needed, but none are available. The question is, can needed
guidelines for MMI design be developed?

CURRENT STATUS

In the past decade, as increasing experience has been gained in
the use of on-line computer systems, a number of experts have
attempted to set forth principles ("guidelines", "ground rules",
"rules of thumb") for design of the man-computer interface. None of
these sets of guidelines looks to be entirely satisfactory for MII
design.

Some guidelines have been proposed in quite general terms:
"know the user" (Hansen, 1971). Some emphasize specific aspects of
interface design: response time (Miller, 1968); error protection
(Wasserman, 1973); command languages (Kennedy, 1974); multifunction
switches (Calhoun, 1978); lightpen selection (IUber, Williams and
Hisey, 1968); graphic interaction (Foley and Wallace, 1974); display
formatting (Stewart, 1976; Green, 1976); color coding (Krebs, 1978).

Some guidelines have been proposed for specific operator tasks,
such as document retrieval (Thompson, 1971), or process control
(Williams, 1975). Some have been oriented toward the general use of
on-line systems, with little task specificity (Nickerson and Pew,
1971; Palme, 1975; Chariton, 1976; Dzida, Herda and Itzfeldt, 1978).
Some guidelines are based on explicit assumptions of system
architecture and equipment capability (Pew and Rollins, 1975; see
also Pew, Rollins and Williams, 1976). Some guidelines may assume
implicit constraints, such as printed outputs rather than electronic
displays (Chamberlain, 1975).

Some guidelines may be well stated generally, but are not
elaborated in necessary detail (Smith, 1974). Only a few sets of
guidelines have been expressed at the level of detail needed by
designers. Perhaps the most detailed MIII guidelines are those
proposed by Engel and Granda (1975). Here is a sample: "If a fixed
length word or collection of characters is to be entered via the
keyboard, limit the field on the screen by special characters, for
example, underscores." More guidelines of this sort are ne'±ded.

Although this evident concern for design principles is
encouraging, we still have much to learn. Most published reports
dealing with the man-computer interface describe applications rather
than design principles. A recent bibliography of the literature on
human factors in computer systems includes 564 items, but identifies
only 17 as offering design guidelines (Ramsey, Atwood and Kirshbaum,
1978). A popular current book on the design of man-computer
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dialogues offers much in the way of stimulating examples, covering a
range of on-line applications, but is disappointing in its failure
to emphasize design principles (Martin, 1973).

Until this year, there has been no thorough-going attempt to
integrate the scattered papers, articles and technical reports which
have constituted the literature of man-computer interaction. A
first step was made, under sponsorship of the Office of Naval
Research, in compilation of the bibliography cited above. A
significant follow-on effort has just culminated in publication by
Ramsey and Atwood of a comprehensive summary of this literature,
with particular emphasis on determining the feasibility of design
guidelines.

In that compendium the authors characterize the current
unsatisfactory situation:

In some well established research areas, such as keyboard
design and certain physical properties of displays,
guidelines exist which are reasonably good and fairly
detailed. Such guidelines may be quite helpful in the
design of a console or other interface device for a
system, or even in the selection of an appropriate off-
the-shelf input/output device. As we progress toward the
more central issues in interactive systems, such as their
basic informational properties, user aids, and dialogue
methods, available guidelines become sketchy and
eventually nonexistent. The interactive system designer
is given little human factors guidance with respect to the
most basic design decisions. In fact, the areas in which
existing guidelines concentrate are often not even under
the control of the designer, who may have more freedom
with respect to dialogue and problem-solving aids than
with respect to terminal design or selection.

(Ramsey and Atwood, 1979, p.2)

Summarizing their report, the authors express some reservations
concerning the feasibility of general MMI design guidelines:

Based on an extensive literature survey, this document
presents a description and critical analysis of the state
of the art in the area of human factors in computer
systems. This review is concerned both with the status of
human factors research in the area of user computer
interaction and with the current state of user-computer
interaction technology and practices. The primary purpose
of the review is to determine whether research and



practice in this area have evolved sufficiently to support
the development of a human factors guide to computer
system design. It is concluded that insufficient data
exist for the development of a "quantitative reference
handbook" in this area, but that a "human factors design
guide" -- which discusses issues, alternatives, and
methods in the context of the design process -- is both

feasbleandneeed. (Ramsey and Atwood, 1979, abstract)

The authors do concede that useful MMI design guidelines might
be developed for specific application areas, but indicate the
difficulty of generalization:

The greatest difficulty involved in making our knowledge
of problem-solving aids useful to the designer is the
relatively abstract level of that knowledge. If design
guidelines were to be written for a very limited class of
systems, it might be possible to suggest very specific
aids. For more general guidelines, it would be necessary
to greatly simplify the language in which problem solving
has just been discussed, and provide guidance to help the
designer recognize the kinds of problem-solving behavior
involved in the particular tasks at hand. Furthermore, it
would probably be necessary to provide very explicit
examples of the various types of aids which are known.
This all appears feasible, but is by no means easy, and we
are unaware of any such guidelines which have been
developed in the past. If designers operate primarily by
synthesizing designs from already known elements, such a
presentation might greatly enhance the designer's
utilization of aiding techniques which happen to lie
outside the designer's past experience.

(Ramsey and Atwood, 1979, p.59)

Whether or not their limited optimism concerning the
feasibility of design guidelines is realistic, Ramsey and Atwood
have performed a considerable service by providing tabular summaries
of current knowledge relating to many aspects of lINI design. A
selection of their tables has been reproduced by permission as
Appendix A to this present report.

A newly funded effort to develop MKI design guidelines has
recently begun, under sponsorship of the U.S. Army Research
Institute for the Behavioral and Social Sciences, as described in an
RFP (request for proposal) titled "Development of Design Guidelines
and Criteria for User/Operator Transactions with Battlefield
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Automated Systems" (ARl, 1979). This study contract was awarded in
November to Synectics Corporation. The Army sponsors of this effort
believe that the defined restrictions on user population and
information processing tasks will permit effective development of
MMI design guidelines.

This current interest in MIII design on the part of Army and
Navy research organizations raises the question of what is
appropriate Air Force involvement. There is, of course, an element
of concern. Design standards developed in one organization may
eventually be imposed on others, through DoD encouragement of
uniform military application. There is also an element of
opportunity. In view of the Air Force' s considerable experience,
gained in 20 years of responsibility for the design of computer-
based command systems, it seems appropriate that the Air Force
should have a voice, and perhaps even play a lead role, in the
development of any MIII design standards that may be established for
C3 system acquisition. It is recommended that ESD/MITRE should
undertake such a development effort.

PROPOSED EFFORT

There are at least three ways in which MIII design guidelines
could be used. First, guidelines might help in the early definition
of MIII functional requiremenzs. This possibility is discussed in
Section 2 of this report, where it is proposed to develop a matrix
structure indicating the MIII requirements of various characteristic
C3 information processing tasks. That approach is illustrated
further in Appendix B.

Second, M111 guidelines should prove useful in the design
process itself, as discussed in Section 3. The task vs interface
matrix could be abstracted ("tailored") to reflect the anticipated
job requirements of a particular system, and a functional
description of the resulting MMI1 requirements embodied as guidelines
in the system specification. A tentative sample of such guidelines
is included in Appendix C to this report.

Third, MIII guidelines could provide criteria for the review and
evaluation of a proposed interface design prior to its software
implementation, as discussed in Section 4. Some means must be found
for effective documentation of 1111 design to permit such review.
Sample formats for MIII design documentation are included in
Appendix D.

To assess the potential value of MIII design guidelines, it will
be necessary to try them out in actual C3 system acquisition

13



programs. During FY80, ESD Program Offices and MITRE engineering
support groups will be invited to participate in a collaborative
effort to develop and apply MMI guidelines in practice. It is hoped
that several programs will volunteer to participate: programs in an
early stage of system development, and anticipating a strong
emphasis on the MMI in system design. Ideally, programs will be
selected which include a wide variety of different operator jobs, in
order to encourage a broad consideration of applicable MMIl
guidelines.

Whatever MMI guidelines are developed at this stage can only be
regarded as tentative, to be used on an interim basis until
experience is gained in their trial application. The initial
development process may have to extend over a period of several
years, since it is necessarily linked to the pace of system
acquisition. Such an extended effort may well be justified,
however, in view of the potential long-term benefits. In the long
run, standards for MMI design established at ESD/MITRE could
contribute significantly to improved C3 system acquisition.it

David Penniman, writing for the User On-Line Interaction Group
of the American Society for Information Sciences, cites the same
need for "An interim set of guidelines for user interface design
based on available literature and pending the development of better
guidelines as our knowledge increases" (1979, page 2). Penniman
goes on to remind us that interim guidelines are better than no
guidelines at all.

There is one important factor to consider in this regard, which
is the relative stability of human engineering guidelines.
Standards for hardware design may change as each new generation of
equipment becomes available. But people change hardly at all from
one generation to the next, in terms of their basic information
processing capabilities and limitations. This relative invariance
of people with respect to technology poses both problems and
advantages.

The most significant advantage is this: if MMI guidelines can
be expressed in terms of basic human capabilities rather than
transient technology, a design standard of enduring value will be
established. It may be true that such guidelines can be established
only slowly, but that is all the more reason to make a start now.

14



SECTION 2

NNI REQUIREMENTS DEFINITION

The first step in MIII design is to decide what is needed. Once
MIII requirements are determined, then design guidelines can be
tailored to anticipated needs. MIII requirements definition must
include consideration of user/operator characteristics, the
information handling requirements of people's jobs, and the
functional capabilities of the MIII that are needed for those people
performing those jobs.

USER/OPERATOR CHARACTERI STICS

A challenging aspect of C3 system design is the broad range of
user characteristics that must be accommodated. The users who
operate C3 systems include a wide variety of people with different
degrees of training and experience. The skill mix may include
conmmand managers as well as clerical personnel, hardware and
software technicians performing maintenance functions, even "box
kickers" at a truck dock in the automation of air cargo data
handling (Smith, 1976b).

There are various ways to categorize the different kinds of
users. One categorization distinguishes 'operators" and "analysts"
from "service"~ personnel (Goodwin, 1978; see also Rouse, 1975). In
this view, an operator is a person performing a structured task,
usually at a forced pace, monitoring and controlling through system
outputs and inputs, making decisions and initiating actions through
the system within limited time constraints: e.g., radar track
monitoring; air traffic control; process control. An analyst
performs an unstructured task, usually self-paced, manipulates
system data to establish relationships, perhaps using on-line tools,
may rely also on data from other sources including past experience
to recognize problems and make decisions, which may not be made
immnediately and may not be entered into the data processing system
for action: e.g., intelligence analysis; mission planning; message
handling. Service personnel perform more routine clerical tasks,
where the user is not the source of data being entered, retrieval is
in response to specific query, using highly structured transaction
sequences, sometimes at a forced pace under pressure: e.g., making
airline reservations; providing telephone directory assistance; word

* processing jobs.
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Although such categorization offers helpful descriptive
information of the user's role, it is clear that the
characterization is largely one of differences among jobs rather
than differences among people. Job differences can be defined
better in the more specific context of task analysis. For purposes
of the present discussion, no attempt will be made to label user
differences in terms of job description. The terms "uer and
"loperator" will be used interchangeably throughout this report.

For any one category of user, individual differences in skill
may be considerable. Because of systematic rotation of job
assignments for military personnel, today' s naive user becomes next
year's expert, then to be replaced by another beginner. This
regular reassignment policy implies the need for flexible job aids
in MMIl design, which can provide optional help to the novice user
but can be bypassed by the expert.

Where there is high personnel turnover, low skill levels and
minimal operator training, MMI design must take that into account.
Interactive sequences should be configured as a routine series of
simple steps, with adequate guidance and on-line error correction
procedures to ensure effective operator performance. For most C3
applications, however, both operator characteristics and job demands
will require an MMIl design offering more extensive capabilities and
permitting more flexible use.

An important distinction can be made between dedicated and
casual users (Martin, 1973). C3 systems include both kinds. An
operator in a surveillance job may spend virtually full time
monitoring computer-generated displays. Such a person will
generally receive extensive training, and the MMI design can be
tailored to his presumed skills. Another operator may be an
intelligence analyst who interacts with a computer system only
periodically, and whose requirements for information retrieval are
much more wide ranging. Although this person may have been
instructed in MI procedures, perhaps being given an operator's
manual, his use of computer aids may remain uncertain for an
extended period unless on-line guidance is incorporated in MKIl
design.

Although these examples are cited to illustrate user
characteristics, they actually reflect important differences in job
requirements. It is obvious that user characteristics are closely
related to job requirements, and that necessary user skills can be
specified more exactly after job requirements have been determined.

This is discussed further below.
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As a general objective, it can be argued that the MMI design in
automated systems should not require higher skills and greater
operator effort than the manual procetL res which are being replaced.
In practice, of course, this design objective is not always
attained. Some automated systems are found to be harder to use
rather than easier, and increased demands are made upon the
operators.

In the Army RFP cited earlier, the increasing demand for
skilled operators caused by command automation is advanced as an
argument in favor of developing MII design guidelines:

The skill/demand mismatch is due in part to the fact that
the equipment/procedural configurations of existing and
projected systems have been devised without coordination
among proponents of different systems. As a result, very
little of the skill and know-how accrued from experience
with one system can be transferred to other systems.
Therefore, one of the long range goals of this project is
to promote functional standardization and modularization
of user/operator tasks and procedures in order to reduce
the amount of training and the skill levels required of
users/operators of fielded automated data processsing
systems. Many of the procedures employed in the operation
of various automated systems are basically similar. Yet
from the user/operator's perspective each system is a new
situation with little carryover or transfer from previous
exposures to other systems. While it may be too early to
establish absolute "standards" for many system parameters,
a measure of consistency would go a long way toward
increasing effectiveness, reducing personnel costs and
making battlefield automated systems more approachable to
Army users/operators.

(ARI, 1979)

This call for consistency in MII design is common to all
recommendations on the subject, but is particularly important in
military settings because of the frequent rotation of personnel. To
the extent that jobs may be similar in different C3 system
applications, the operator transferred from one system to another
ought to be able to use similar means to accomplish similar ends.
Even for quite different system applications, it may prove possible
to introduce a coherent general approach to MIII design, so that the
interface logic will seem familiar to a person transferring to a new
job.
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For the developers and designers of C3 systems, it may help to
postulate some basic characteristics of the prospective users. The
operators of C3 systems will generally be intelligent men and women,
with professional military skills. These people will not
necessarily be knowledgeable about computer technology, may have
little time to learn specialized interface procedures, and will have
various degrees of familiarity- with the system. Being human, these
operators will sometimes make mistakes, especially when working
under pressure, and good 1111 design must take this into account.

These operators are motivated toward effective job performance
in the face of operational demands. They will generally regard
automated data processing as a tool to aid job performance, with
little curiosity about the internal mechanisms of computing
machines. Operators will tend to judge the entire system on the
basis of their personal experience with the MMIl. If the MII is
efficient and easy to use, operators will like the system. But
users will be impatient and critical when handicapped by a clumsy
interface design.

For further information on user characteristics, see Tables A-i
through A-3 in Appendix A.

TASK ANALYSIS

Fundamental to NMI design is the analysis of operator jobs.
The process must begin with the mission requirements of a proposed
C3 system, which state the basic objectives to be accomplished.
These mission requirements are then elaborated and translated,
taking into account the proposed operational employment concept,
environmental, technological and fiscal constraints, to define the
system operational requirements.

Operational requirements imply the performance of various
identifiable functions -- data sensing, data transmission, data
processing, etc. Analysis of those functions, in turn, establishes
more specific data processing requirements -- what data must enter
the system, what data must be stored, what combinations and
transformations of data are required, what kinds of information
should result from that processing.

These data processing functions imply the specification of
tasks to accomplish particular ends. Some tasks may be performed
entirely by machine and thus affect MIII design only indirectly if at
all. Because of the critical role of human judgment, however, many
tasks in C3 systems involve joint performance by man and machine.
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Most tasks can be partitioned into identifiable subtasks.
Those subtasks in turn are often designed as a series of simple,
discrete transactions, such as operat'.: entry of a single item of
data. (As defined here, note that a transaction is the smallest
functional "molecule" of man-machine interaction, and does not
denote an extended task seqtience.) It is at these levels of task,
subtask and transaction tha.. MIII design guidelines might be applied.

What about jobs, where do they fit in? To define a job, which
is a set of responsibilities and activities for a person, we must
allocate tasks to operators. Task allocation, however, will not
prove easy. F.,r C3 systems it will seldom be desirable to allocate
this task to man and that task to machine, as textbooks suggest.
Instead, more effective performance may result when man and machine
participate jointly. This view has already been stated above, and
is emphasized also by Ramsey and Atwood (1979).

If this is the case, then a more accurate description of job
definition involves specification of operator participation in
tasks. From this viewpoint, one possible contribution of MI
guidelines would be to suggest the most effective ways in which
operators can participate in various identified C3 information
handling tasks, as well as to specify the functional MII
capabilities needed to facilitate such participation.

It should be noted that jobs as defined here are generally not
the same as information processing functions. Jobs can be both
smaller and larger than functions. A surveillance function, for
example, might involve a monitoring task performed by several
different operators, perhaps each responsible for a different
surveillance sector. And each of those operators, as part of his
job, might also participate in other tasks related to different
functions, for example, weapons control.

Thus job definition, the combining of tasks performed by
people, involves something more than functional analysis, an extra
application of judgment in the design process. The purpose of job
definition is twofold. On the one hand, the definition of jobs
determines what capabilities will be required of the operators. On
the other, the definition of jobs indicates what tasks may have to
be performed in combination, by a particular operator at a
particular work station, and so implies what functional capabilities

will be required of the MIII.
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FUNCTIONAL CAPABILITIES

If an operator must interact with a graphic display, as in a
computer-aided design task, he will need a functional capability for
pointing at different parts of the display. Without a pointer to
designate displayed objects and positions, the task would be
difficult or even impossible to perform. Various means might be
chosen to provide a pointer -- a lightpen, perhaps, or joystick-
controlled cursor, or trackball, or whatever -- each choice offering
its own advantages and disadvantages. But it is the functional
requirement for pointing that is essential.

For an on-line editing task, where an operator must designate
arbitrary portions of displayed text for correction, a pointer would
clearly be useful. For a task involving sequential selections among
computer-displayed options, a pointer would probably be useful,
although other design alternatives such as multifunction keys might
do nearly as well. Far many other tasks a pointer may not be needed
at all.

One could imagine making a long list of typical C3 data
handling tasks and noting for each one whether a pointing capability
is an essential or probably useful feature of the MIII, or whether it
is not needed. To do this would be to make a modest beginning in
the definition of MIII requirements. But, of course, many other MII
capabilities have to be considered also.

How about color? Color coding could be very helpful to an
operator monitoring a complex display, trying to detect critical
conditions in rapidly changing data, but for many other tasks the
expense of colored displays might not be justified. Perhaps blink
coding, special symbols or auxiliary alarms could be used instead.

Many functional capabilities of the MIII have little to do with
hardware selection, and depend primarily on the logic of software
implementation. Consider two examples. For a particular data entry
task, an operator may need a capability to defer entry of
unavailable items, even when they may be essential for subsequent
data processing calculations. For many data entry tasks operators
may need a flexible capability to back up and change previously
entered items.

The software designs chosen to implement these two functional
capabilities -- deferred data entry and optional backup -- might
share some common features, e.g., some sort of suspense file.
Software implementations would also differ in some respects, e.g.,
in terms of the validation checks applied during data entry, those
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applied at later stages of data processing, and the particular
messages displayed to the operator when data deficiencies are
detected.

It is safe to say that the operator will not care what goes on
behind the scenes, but will simply use the operational capabilities
available to him, however they are provided. And it is these
capabilities that should be described in functional MI
specification, rather than their means of implementation.

As more and more MIII capabilities are considered, our initial
list of which tasks require a pointer will expand into a sizable
table, or "matrix" as it will be called here. Across the top,
labeling each column, will be the names of tasks. Down the side,
labeling each row, will be listed the various different functional
capabilities we have considered. In the body of the matrix, at the
intersection of each column and row, there could be a cell entry
indicating whether that row/function is essential, useful or not
needed for the performance of that column/task.

There are several problems with such an MMI requirements
matrix. The chief problem is that it does not yet exist. No one
has yet undertaken the systematic effort needed to create it.
Laboratory researchers have been too removed from operational
applications to see the need for such a matrix. System developers,
on the other hand, have enough trouble defining the 1.!MI features
required by a particular application, let alone trying to assess the
broader range of capabilities which might be required by other
tasks.

What may be needed here is a broad survey across systems, of
the kind proposed in the Army REP cited earlier. Pending such a
comprehensive effort, a beginning might be made by tabulating
several characteristic tasks and interface features, perhaps
starting with one C3 system and then moving on to another, with the
intention of expanding the MIII requirements matrix with increasing
experience in its use. Such a beginning with a rudimentary matrix
is illustrated in Appendix B to this report. See also Tables A-4
through A-9 in Appendix A.

Other problems associated with the MIII requirements matrix,
aside from its present unavailability, have to do with the labeling
of rows, columns and cell entries. As suggested above, rows should
be labeled as functional capabilities. This ideal may be difficult
to attain when our thinking turns so easily to implementation.
Current lists of desirable MIII features tend to include means (e.g.,
lightpen) more often than ends (pointing). As a practical matter,
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we shall have to begin with whatever comprehensive lists we can
find, and try to abstract the implied functional capabilities.

Column/task labeling poses similar problems. If a column
represents a task defined specifically for a particular system,
perhaps monitoring a track display for air traffic control, then the
resulting pattern of MIII requirements may not provide useful
guidance in specifying a somewhat different but related task in
another system, perhaps monitoring a track display for air defense
purposes. To prevent the MIII requirements matrix from growing
indefinitely, as each new system acquisition adds its own new set of
specific column/tasks, it will be necessary to generalize task
descriptions to some degree, to list characteristic rather than
specific C3 tasks.

With further investigation, it is possible that we shall find
the key to successful generalization at the level of subtasks rather
than tasks. Consider the obvious subtask of keyed data entry, which
is a common component in many larger tasks. (The expressed
commitment to hardware implementation in the word "keyed" might be
forgiven in view of currently accepted limitations in interface
technology.) MIII requirements determined for that subtask should
prove applicable in a variety of C3 system applications, with
perhaps some occasional modifications appropriate to special working
conditions.

Or it may be that to derive generic MMI requirements one must
distinguish several categories of a subtask, such as keyed dataA
entry with prompting or without. Whatever the level of task
specification that eventually proves useful, there seems the
potential here for using some form of abstracted or generic task
analysis to predict the MIII requirements of actual tasks. In
future, when our understanding of generic task analysis has
increased, we might look at a proposed operator task, estimate it as
"60 percent monitoring a high-density multivariate display, 15
percent controlled option selection, 25 percent prompted keyed data
entry", and derive from that description a specification of MI
functional requirements.

Today we do not know how to do that. But as we add
column/tasks to the MIII rtquirements matrix we should stay alert to
the possibilities for generalization, trying to abstract task
descriptions wherever possible and to identify the subtasks and
their variations which may comprise the generic components of future
requirements definition.
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Aside from the problems of selecting suitable row and column
labels, we also have to depend largely on judgment in designating
cell entries for the MMI requirements matrix. At present, probably
the best we can do is make an approximate categorical judgment that
HMI capabilities are essential, useful, or not needed. In future we
may be able to replace those approximate estimates with more
quantitative weighted values. It might be possible to derive
quantitative values from system performance measures, although that
seems unlikely at present. More probably, we could develop
quantitative values directly from structured testing of generic task
components, as those can be identified.g

Still another problem with the KNI requirements matrix is that
rather different versions of the matrix might conceivably be needed
for different categories of users. This problem, however, may be
more conceptual than real. As a practical matter, several arguments
can be advanced in favor of a single matrix. As noted earlier, user
characteristics are implicit in task descriptions: simple clerical
tasks are often assigned to untrained personnel, complicated
clerical tasks to experienced, well-trained people, monitoring and
control tasks to young officers, planning and resource allocation
tasks to older officers, etc. Moreover, because of the skill mix of
operators in most C3 jobs, MIII functional specifications for any
particular job must generally accommodate a fairly broad range of
user characteristics.

In the future, when the MIII requirements matrix may be
expressed in terms of generic task components, the results of
functional analysis may be expressed in terms of required operator
skills, as well as specification of MIII requirements. Thus again a
single requirements matrix may be referenced for more than one
category of system user.

Nonetheless, it will prove a wise precaution to consider user
characteristics explicitly when applying the IIMI requirements
matrix. A prospective user group may be "speLial" in some
significant way, as might be the case in a C3 system designed for
operators in another country with different linguistic background
and cultural expectations. A user group may include color-blind
people, or people with some other special characteristic. If so,
then those special user characteristics should be taken into account
and MIII requirements interpreted accordingly.

In the face of these various problems, why should we attempt to
develop an MII requirements matrix? What advantages will it offer?
First, it seems clear that such a matrix should help to provide
general perspective and serve as a framework to structure judgment
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in determining MMI requirements. This would be true even in the
early, rudimentary stages of MMI requirements matrix development.

With further development, as the MMI requirements matrix
expands to include more functional capabilities and a manifold range
of C3 tasks, it will embody the experience accumulated in a variety
of system acquisition programs. It may then be possible to draw on
this cumulative judgment instead of having to re-invent an MMI from
scratch for each new system. If nothing more, the row labels in the
matrix would constitute a checklist to remind system developers of
MMI capabilities that should be considered.

In the long run, of course, the MMI requirements matrix could
become an even more powerful tool. As in the hypothetical example
described earlier, it may eventually be possible to analyze
prospective operator tasks into familiar subtasks and their generic
components, for which MMI functional requirements have already been
determined. If so, then requirements definition for a new system
could be accomplished both rapidly and comprehensively.

An important use of functional requirements definition in early
stages of system acquisition will be to limit the choice of MMI
design guidelines to be employed during system development. As
discussed later in this report, the total "catalog" of design
guidelines might grow quite large, perhaps including hundreds of
itews. But many of these guidelines will be specifically related to
particular functional capabilities. Thus when the subset of
capabilities required by a new system has been determined, then a
related subset of guidelines could be selected, tailored to system
requirements.

One could imagine providing computer aids to facilitate this
tailoring process. If both the MilI requirements matrix and the
design guidelines were presented in computer storage, with
appropriate cross inde. g, then specification of desired functional
capabilities coul - 1.ogrammed to produce automatic printout of
the corresponding beL of guidelines for MMI design.

By its nature, the MMI requirements matrix cannot be created
all at once, but will grow gradually through accretion, as new
capabilities and tasks are added and old ones are further analyzed
and subdivided. After several years of experience using the matrix,
some estimate might be made of the eventual success of this approach
to MMI requirements definition. To gain that experience, a
beginning must be made in current C3 system acquisition programs, as
a collaborative effort with program personnel. Such an effort is
recommended.
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SECTION 3

MMI DESIGN GUIDFLINES

The second step in MMI design is to develop specifications that
will communicate functional requirements to the system designers.
Specifications may include descriptions of the operational work
environment and interface hardware, if those are expected to
constrain MMI design, but will provide critical guidance for the
design of MMI software with respect to the selection of dialogue
type, and the requirements for data entry/input, data
display/output, sequence control and user guidance.

WORK ENVIRONMENT

In itself, the design of a work environment seldom fulfills
functional requirements directly. (Exceptions might be noted for
the special requirements of merchandising, stagecraft, etc.)
Instead, the general objective of workspace design is to minimize
constraints on functional performance.

In many C3 system applications, the immediate work environment
is relatively benign, and does not constrain MMI design. But there
are exceptions. For example, the noise, dirt and confusion of
movement at a truck dock may limit MMI options available for air
cargo data entry (Smith 1976a; 1976b).

Even in clean, quiet office locations, poor workspace layout
can handicap operator performance. Inaccessibility of paper files,
inadequate workspace at an operator's station, badly positioned
displays and keyboards, glare sources in unbalanced ambient
illumination, all take their toll. It can be argued that
environmental deficiencies such as these contribute in large measure
to complaints of operator fatigue after long hours at a constrained
work station.

Although an optimal work environment can sometimes be specified
in C3 systems, when that is not possible some limits on MMI design
may have to be imposed in order to accommodate sub-optimal working
conditions. As an example, mechanical vibration in airborne command
posts might hinder fine manipulations required for lightpen use. A
noisy environment can obscure voice output displays and other
auditory signals. A high ambient illumination, such as experienced
in an open control tower on a sunny day, can reduce the
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effectiveness of light signals and other visual displays, which may
have to be taken into account for some system applications.

Where a normal working environment can be assumed, it may be
possible to rely on standard procurement specifications and
engineering practice to produce a good design. Where unusual
working conditions must be accommodated, however, it will be
necessary to include a description of environmental constraints in
the MMI design specification.

INTERFACE HARDWARE

Although it is usually the logic and software implementation of
MIII design which prove most critical, hardware choices can affect
implementation and eventual system performance. Hardware here is
meant to include input devices, output display and signaling
devices, and also printouts, paper forms and other equipment which
may be used in conjunction with the MIII. If the MIII is used to
mediate person-to-person communication, which is becoming mcre
common, then communication facilities should probably also be
included under this heading.

Functional specifications for hardware, such as those for
display capacity, legibility, etc., are reasonably well understood
in C3 system acquisition and will not be considered further in this
report. Such device capabilities should be included in an MMIl
functional specification, however, if the physical requirements can
be determined in advance of MIII design. Ideally, of course,
hardware specification should follow and derive from functional
design. In practice, it may happen that C3 system acquisition may
build upon and hence be constrained by existing equipment.

The effect of hardware constraints on MIII design may be more
subtle than suggested by physical equipment specifications. As an
example, the technique and format of data input may have to
accommodate the nature of the data source, paper forms being
transcribed, etc. For data output, display formats may have to be
adaptable to document printing and other constraints. For sequence
control, hardware choices can have a pervasive influence. As an
obvious example, the availability of a lightpen or other pointing
device for selection of control options will permit more flexible
display formatting than the use of multi-function keys labeled in
display margins.

Where anticipated hardware limitations will constrain MII
functional capabilities, these must be indicated clearly in the
design specification, so that they can be taken into account and the
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functional design compromised as necessary. Where MMI hardware can
be chosen freely, as in acquisition of a new system, it may be
desirable not to impose any special constraints, except those
implied in equipment design standards. The inclusion of detailed
equipment "requirements" in system specification may be thought to
substitute adequately for the lack of detailed functional
specifications. For HMI design, however, with its heavy dependence
on software for effective implementation, detailed hardware
specification may make good design harder to achieve rather than
easier.

DIALOGUE TYPE

A fundamental decision in MIII design is selection of dialogue
type(s). Here dialogue refers to the sequence of transactions which
mediate man-machine interaction. Ramsey and Atwood (1979, pp. 76-
95) identify eight general dialogues:

question-and-answer
form-filling
menu selection
function keys with command language
user-initiated command language
query languages
natural-language dialogue
interactive graphics

Various sub-categories can, of course, be identified, as
illustrated by the ma-ny examples in Martin's book on the subject
(1973).

In C3 systems, MIII design will often involve a mixture of two
or more dialogue types, since different dialogues are appropriate to
different jobs and different kinds of users. Recognition of
appropriate dialogue types at the outset of system development will
facilitate HMIl design and help ensure the effectiveness of eventual
system operation.

The selection of dialogue type based on anticipated task
requirements and personnel skills seems straightforward, at least
for simple cases. Computer-initiated question-and-answer dialogues
are suited to routine data entry tasks where data items are known
and their ordering can be constrained, and provides explicit
prompting for unskilled, occasional operators. Form-filling
dialogues permit somewhat greater flexibility in data entry, but may
require operator training. When data entries must be made in
arbitrary order, perhaps mixed with queries as in making airline
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reservations, for example, then some mixture of function keys and
coded commnand language will be required for effective operation,
implying a moderate to high level of operator training.

From these examples, it would seem possible to judge for any
information handling task the type(s) of dialogue that should prove
most suitable, and to include this judgment in the MMI requirements
matrix and possibly in the functional specification as well.

One important aspect of dialogue selection is that different
types of dialogue imply differences in system response time for
effective operation. In a repetitive form-filling dialogue, for
example, the operator may accept relatively slow computer processing
of a completed form. If the computer should take several seconds to
respond, the operator probably can use that interval to set one data
sheet aside and ready another. But several seconds delay in a menu
selection dialogue may prove intolerable, especially where the
operator must make an extended sequence of selections in order to
accomplish a desired end.

Table 3-1

Estimated Requirements of Different Dialogue Types

Required Required System

Dialogue Type User Training Response Time

Question and Answer Little/None Moderate

Form Filling Moderate/Little Slow

Menu Selection Little/None Very Fast

Function Keys with High/Moderate Fast
Command Language

User-Initiated Command High Fast
Language

Query Languages High/Moderate ModerateI

Natural-Language Dialogues Moderate Fast
(potentially Little)

Interactive Graphics High Very Fast
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To categorize these differences, Table 3-1 presents for each of
the eight general dialogue types identified above an estimate of the
implied requirement for operator training and for system response
time. Cumulative experience and specific requirements of a
particular task may lead us to modify such estimates. But the
general principle illustrated here, that one design choice implies
others, must be taken into account in MIII specification.

Specification of dialogue type will also determine other
aspects of MIII design. Guidelines specifically appropriate to
form-filling dialogues may be irrelevant for the design of other
kinds of dialogue. Eventually it may be desirable to code
guidelines in some way, to designate those pertinent for each type
of dialogue. Such coding would facilitate the tailoring of
guidelines to meet the MIII requirements of particular tasks.

For further comment on dialogues and system response time, see
Tables A-10 through A-13 in Appendix A.

DATA ENTRY/INPUT

* Another way to categorize design guidelines is in terms of
their relation to general MIII functions. A fourfold distinction is
adopted here, to permit discussion of guidelines relat4ing to data
entry, data display, sequence control and user guidance. Data entry
refers to input by the operator of data items to be processed;
command inputs or option selections intended to control data
processing are considered later in the discussion of sequence
control.

Data entry is heavily emphasized in tasks related to clerical
jobs, and many other C3 tasks involve data entry to some degree.
Because data entry is so common, because the requirements of data
entry seem to be readily understood, and because inefficiencies
caused by poorly designed data entry are so apparent, many of the
published recommendations for good MIII design deal with this topic.

Rather than trying to present here a long list of specific
guidelines for data entry, they are included in Appendix C to this
report. Certain important design principles, however, do deserve to
be emphasized in this general discussion, if only because some of
these principles are so basic that they are seldom explicitly
expressed.

Here is an example: an operator should not have to enter the
same data twice. Now that is something every designer already
knows, even if he does not often think about it. A corollary is
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this: an operator should not have to enter a data item already
entered by another operator. That seems to be just common sense,
although one could imagine occasional exceptions to the rule when
cross validation of data inputs may be required.

How can we avoid duplicative data entry in practice? The key
lies in designing the NIl (i.e., programming the computer) to
maintain context. Thus when an operator identifies a particular
squadron of interest, the computer should be able to access all
previously entered data relevant to that squadron and not require
the operator to enter such data again. If an operator enters one
item of data about a particular squadron, it should be possible to
enter a second item immediately thereafter without having to re-
identify that squadron. In repetitive data entry transactions the
operator should have some means of defining default entries for
selected data items, in effect telling the computer those items will
stay the same until the default value is changed or removed.

Context should also be preserved to help speed correction of
input errors. One significant advantage of on-line data entry is
the opportunity for immediate computer validation of operator
inputs, timely feedback so that an operator can correct detected
errors while that set of entries is still fresh in his mind and/or
while documented source data are still at hand. Here the computer
should preserve the context of the data entry transaction,
remembering correct items so that the operator does not have to
enter those again while changing ~incorrect items.

The preservation of context is, of course, important in all
aspects of man-machine interaction, with implications for data
output, sequence control and operator guidance. The importance of
context will be emphasized again in the further discussion of those
other general functions.

Another important design concept is that of flexibility. The
idea that the NIl should adapt flexibly to operator needs is often
expressed. The means of achieving such flexibility should be
pelled out in MIII guidelines. For data entry functions it is
important that the pacing of inputs be controlled flexibly by the
operator. Tasks where the pacing of operator inputs is set by the
machine (for example, ZIP code keying at "automated" post offices)
are stressful and error-prone.

Aside from flexibility in pacing, the operator will generally
benefit from having some choice in the ordering of inputs. Although
this kind of flexibility is related to the topic of sequence
control, it merits discussion here as well. What is needed in MI
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design is some sort of suspense file(s) to permit flexible ordering
of operator inputs, including temporary omission of unknown items,
backup to correct mistaken entries, cancellation of incomplete
transactions, etc.

As suggested earlier, the data input operator may also benefit
from flexibility in defining his own default options to simplify
entry during a sequence of transactions. Some systems include only
those defaults anticipated by the designers, which may not prove
helpful to the operator in a particular instance.

It is obvious that design of data input transactions is
necessarily dependent on. hardware selection. For that reason,
design guidelines for input devices receive considerable attention.
A notable example is standardization of keyboard layouts. For
further comment see Table A-18 in Appendix A.

Future technological advances in input hardware may well
influence the design of data entry tasks, presaged perhaps by the
current advocacy of voice input. But the major need in C3 systems
is for consistently good software design. It is in improving the
logic of data entry that the chief gains can be made, and it is here
that design guidelines should prove most helpful.

DATA DISPLAY/OUTPUT

Data display, i.e., some kind of output from the machine to the
operator, is needed for all C3 tasks. Data display is emphasized
particularly in monitoring and control tasks. Included under this
heading may be hardcopy printouts as well as more mutable electronic
displays. Also included are any auxiliary displays or signaling
devices, including voice output, used to alert the operator of
unusual conditions. Displays specifically intended to guide the
operator in his interaction with the system are discussed later
under the topics of sequence control and operator guidance.

In general, it may be said that rather less is known about data
display and information assimilation by the operator than about data
entry. In present C3 system design, display formatting is an art.
Guidelines are surely needed.

Here again some general concepts deserve emphasis, including
the importance of context and flexibility. Data displays must
always be interpreted in the context of the operator's task
requirements and expectations. An early statement of the need for
relevance in data display seems valid still:
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When we examine the process of man-computer
communication from the human point of view, it is useful
to make explicit a distinction which might be described as
contrasting "information" with "data." Used in this
sense, information can be regarded as the answer to a
question, whereas data are the raw materials from which
information is extracted. A man's questions may be vague,
such as, "What's going on here?" or "What should I do
now?" Or they may be much more specific. But if the data
presented to him are not relevant to some explicit or
implicit question, they will be meaningless. This is also
true, in some degree, for the computer, which is
programmed to accept and process certain kinds of data and
not others. However, the limitation in the case of the
man is somewhat different, being more in the nature of a
generally low processing rate or attention span.

What the computer can actually provide the man are
displays of data. What information he is able to extract
from those displays is indicated by his responses. How
effectively the data are processed, organized, and
arranged prior to presentation will determine how
effectively he can and will extract the information he
requires from his display. Too frequently these two terms
data and information are confused, and the statement, "I
nieed more-information," is assumed to mean, "I want more
symbols." The reason for the statement, usually, is that
the required information is not being extracted from the
data. Unless the confusion between data and information
is removed, attempts to increase information in a display
are directed at obtaining more data, and the trouble is
exaggerated rather than relieved.

(Smith, 1963, pp. 296-297)

This distinction between data and information is still not
familiar to display designers, although the issue itself is raised
repeated'ly. Consider the following description of our current
"information explosion", and notice how using the terms data and
information interchangeably tends to confound an otherwise incisive
(and lively) analysis:

The sum total of human knowledge changed very slowly
prior to the relatively recent beginnings of scientific
thought. But it has been estimated that by 1800 it was
doubling every 50 years; by 1950, doubling every 10 years;
and by 1970, doubling every 5 years . . . . This is a much
greater growth rate than an exponential increase. In many

32



fields, even one as old as medicine, more reports have
been written in the last 20 years than in all prior human
history. And now the use of the )mputer vastly
multiplies the rate at which information can be generated.
The weight of the drawings of a jet plane is greater than
the weight of the plane. The computer files of current
IBM customer orders coiw:ain more than 100 billion bits of
information -- more than the information in a library of
50,000 books.

For man, this is a hostile environment. His mind
could no nr're cope with this deluge of data, than his body
could cope with outer space. He needs protection. The
computer -- in part the cause of the problem -- is also
the solution to the problem. The computer will insulate
man from the raging torrents of information that are
descending upon him.

The information of the computerized society will be
gathered, indexed, and stored in vast data banks by the
computers. When man needs a small item of information he
will request it from the computers. The machines, to
satisfy his need, will sometimes carry on a simple
dialogue with him until he obtains the data he wants.
With the early computers, a manager would often have
dumped on his desk an indigestible printout -- sometimes
several hundred pages long. Now the manager is more
likely to request information when he needs it, and
receive data about a single item or situation on a screen
or small printer.

It is as though man were surviving in the depths of
this sea of information in a bathyscaphe. Life in the
bathyscaphe is simple, protected as it is from the
pressure of the vast quantities of data. Every now and
then man peers through the windows of the bathyscaphe to
obtain facts that are necessary for some purpose or other.
The facts that he obtains at any one time are no more than
his animal brain can handle. The information windows must
be designed so that man, with his limited capabilities,
can locate the data he wants and obtain simple answers to
questions that may need complex processing.

(Martin, 1973, p.6)

Somehow we must find the means to provide and maintain context
in data displays so that the operator can find the information he
needs for his job. Task analysis may point the way here, indicating
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what data are relevant to each stage of task performance. Design
guidelines must emphasize the value of displaying no more data than
the operator needs, maintaining consistent display formats so that
the operator always knows where to look for different kinds of
information, and using consistent labeling to help the operator
relate different data items, on any one display and from one display
to another.

Detailed operator information requirements will vary from time
to time, however, and may not be completely predictable in advance,
even from a careful task analysis. Here is where flexibility is
needed, so that data displays can be tailored on-line to operator
needs. Such flexibility is often provided in C3 systems through
category selection, optional display offset and expansion features.
If such options for display coverage are available, the operator may
be able to adjust his information processing of data outputs in a
way analogous to self pacing of data inputs.

In tasks where an operator must both enter and retrieve data,
which is often the case, the formatting of data displays should be
compatible with the methods used for data entry. As an example, if

'I data entry is accomplished via a form-filling dialogue with a
it particular format for data fields, subsequent retrieval of that data

set should produce an output display with the same format,
especially if the operator is expected to make changes (and/or
additional entries) to displayed data. Where compaction of data
output is required for greater efficiency, to review multiple data
sets in a single display frame, the displayed items should retain at
least an ordering and labeling compatible with those fields used
previously for data entry.

Display design should also be compatible with dialogue type(s)
and hardware capabilities, as noted earlier. Where operator inputs
are made via menu selection, using a pointing device like a
lightpen, then display formats should give prominence (and adequate
separation) to the labeled, lightpennable options. Location of
multi-function keys at the display margin, to be labeled on the
adjacent portion of the display itself, may provide flexibility for
both data entry and sequence control, but will necessarily constrain
the formatting of displays for data output.

For further comment on data display see Tables A-14 through
A-17 in Appendix A.

SEQUENCE CONTROL

Sequence control refers to the logic and means by which inputs

and outputs are linked to become coherent transactions, and which
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govern the transitions from one transaction to the next. Techniques
of sequence control require explicit attention in MMIl design, and a
number of published guidelines bear on this topic. The general
ideas of flexibility and context are i ?ortant in sequence control

as in other aspects of KNI design.

Idea] flexibility woulM permit the operator to undertake i
whatever task or transaction he wishes, at any time. Although this
may not always prove feasible, the MIII designer should try to
provide the maximum possible user control of the on-line transaction
sequence. As a simple example, suppose the operator is scanning a i
multi-page data display. He should be able to go either forward or
back at will. If the Mill design only permits him to step forward,
so that he must cycle through the entire display to reach a previous
page, that design is deficient. The operator should also be able to
interrupt display scanning at any point to initiate some other
transaction. Such simple flexibility is relatively easy for the
designer to achieve, and indeed is commonily provided.

More difficult are transactions that involve potential change
to stored data. Here again the operator will need some flexibility
in sequence control, perhaps wishing to back up in a data entry
sequence to change previous items, or to cancel and restart the
sequence, or to abort the sequence altogether and escape to some
other task. The MIII designer can provide such flexibility through
use of suspense files, as suggested in the earlier discussion of
data entry, and other special programmed features. This flexibility
requires extra effort from the designer and programmer. But that
extra effort is made only once, and is a worthwhile investment on
behalf of the eventual operators who may interact with their
computer system for months or years.

In one sense, flexibility of sequence control has pitfalls.
Just as an operator may make a mistake in data entry, so also can he
make a mistake in sequence control. The MMIl designer must try to
anticipate operator errors in sequence control and ensure that
potentially irreversible actions are difficult to take. In data
entry tasks, for example, when an operator is satisfied with a set
of keyed data he should be obliged to take some explicit action to
ENTER it for computer processing. The MMI should be designed to
protect the operator from the consequences of inadvertently
destructive actions. Any large-scale erasure or deletion of data,
for example, should require some sort of explicit operator
confirmation, being accomplished as a two-step process rather than a
single transaction. This provides a software analogy to the
physical barriers sometimes used to protect critical hardware
controls from accidental activation.
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One form of flexibility frequently recommended is the provision
of alternate modes of sequence control for experienced and
inexperienced operators. In a command-language type of dialogue,
optional guidance might be provided to prompt a beginner step by
step in his composition of commands for sequence control, whereas an
experienced operator might enter a complete command as a single
complex input. Some such flexibility is surely desirable -- Lo
interpret halting, stepwise commands as well as fluent, coherent
inputs.

More generally, however, it may be desirable to include
redundant modes of sequence control in MMI1 design, perhaps involving
combinations of different dialogue types. As an example, menu
selection might be incorporated to provide easy sequence control for
beginners, but every display frame might also be formatted to
include a standard entry field where an experienced operator could
key in complete sequence control commands more efficiently.
Examples of this approach have been provided by Palme (1979).

Another way to provide flexibility in sequence control is
through specific tailoring of display formats. Consider, for
example, a dialogue type in which sequence control is exercised
through lightpen selection among displayed command options. For any
particular display frame it might be possible to display those three
or four options most likely to be selected by the operator at that
point in the task sequence, with perhaps a general purpose OPTIONS
selection that could be used to call out a display of any other
(less likely) sequence control commands. Thus, on the first page of
a two-page display, one of the likely sequence control commands
would be NEXT PAGE; but on the second page that command would be
replaced by its now more likely complement, PREV PAGE.

This approach illustrates two design ideas. The first is as
close as we will probably come to a general rule for sequence
control: make the operator's most frequent transactions the easiest
to accomplish. The second idea is the reliance on context to
improve flexibility in NM1I design.

The importance of context in sequence control extends beyond
the example above, where likely control options are given
preferential display. Context can be used to shorten command inputs
during sequence control and still permit unambiguous interpretation.
In general, it will prove desirable to have the operator rather than
the computer define the task context in which control inputs are to
be interpreted.
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As an example, suppose that an operator wishes to assign
several sorties of aircraft from a particular squadron to preplanned
missions. He should be able to specir; the squadron and then expect
all subsequent commands to be applied to that squadron. Further, he
should be able to specify that he is making assignments and expect
that subsequent selections 7,f aircraft/crews and missions will be
interpreted accordingly. Ii context can be used in this way, the
operator will not have to take repetitious control actions, which is
just as desirable as avoiding repetitious data entries.

A potential pitfall here is that the results of a particular
control action, if contingent on context, may vary from one time to
the next. Thus aircraft selection in the context described above
would result in mission assignment, whereas aircraft selection in a
different context might result in unassignment, or allocation to
ready reserve, or perhaps commitment to maintenance status. Such
variability may prove confusing to an operator. If the consequences
of control actions are made contingent on context, then the MI
designer should ensure that the current context and its implied
contingencies are always displayed to the operator. That will help
maintain operator orientation as discussed next.

USER GUIDANCE

Many MIII design features contribute directly or indirectly to
guide the user in his interaction with an on-line computer system.
A general discussion here may serve to illustrate the range of
factors that should be considered.

The primary principle governing this aspect of MMI design is to
maintain consistency. Design consistency is emphasized in all
published guidelines. With consistent MMI design, the operator will
learn to use his computer tool more quickly and with more
confidence. Consistency in the small details of MMI operation will
help serve as an antidote, or stable counterbalance, to the
functional flexibility advocated above. Without such consistency of
detail, flexibility in MMI design may make a system easy to use by
an expert but hard to learn for a beginner.

Design consistency implies predictability of system response to
operator inputs. A fundamental rule is that some response be
received: for every action (input) by the operator there should be
some noticeable reaction (output) from the machine processor. It is
this feedback linking action to reaction that defines each discrete
transaction and maintains operator orientation in his interaction
with the system. In the absence of response, the operator will
become frustrated and uncertain of proper machine functioning.
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A rule such as this is so general in its application to MII
design that it is seldom stated explicitly. Because it would apply
to any on-line information handling task, it might not be called out
in a task-specific requirements matrix. There may be some other
design guidelines that also have this kind of general applicability.
Such general guidelines could be referenced in the functional MI
specification for any C3 system acquisition, in addition to the more
specific design guidelines derived from task analysis.

Predictability of machine response also relates ,to system
response time. Timely response can be critical in'maintaining
operator orientation to his task. If a respoIs-,. is. received only
after a long delay, the operator's attention T~ have wandered.
Indeed, he may forget just which of his actions the machine is
responding to. Frequent operator actions, generally those involving

simple inputs such as sequence control selections, should be
acknowledged immediately. In transactions where output must be
deferred pending the results of computer search and/or calculation,
the expected delay should he indicated to the operator in a quick
interim message.

Some experts have argued that consistency of system response
time may be more important in preserving operator orientation than
the absolute value of the delay, even suggesting that designers
should delay fast responses deliberately in order to make them more
consistent with necessarily slow responses. To some extent such a
reduction in response time variability may be desirable. If system
response time is always slow, an operator may adapt to the situation
and find something else useful to do while waiting. But surely the
better solution is to make all responses uniformly fast, or where
that is not possible to signal quickly the occasional slow response
as suggested above. In this way, an unusually slow response can be
made predictable although inconsistent.

As it happens, variability in response time is probably a
greater problem in the design of general-purpose, multiple-user,
time-shared commercial systems than for most C3 applications. Where
C3 systems are designed to accomplish defined tasks in a predictable
manner, data processing loads can usually be anticipated
sufficiently well in MIII design to provide adequately quick response
time.

Consistency is also important in other aspects of MIII design.
Display formats should be consistent from one frame to another,
including always a title at the top to tell the operator where he
is, labels to indicate page number in related displays, standard
labeling of control options, standard positioning of guidance
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messages, etc. Messages indicating operator error should be
carefully worded to be both concise and informative, consistently
worded from one message to the next, and consistently located in the
display format.

Even such a subtle feature as cursor positioning at display
generation should receive consistent treatment in MMI design.
Consistent positioning is particularly helpful to the operator if
the cursor does not have a prominent appearance and/or the means of
manual cursor positioning are inconvenient. At display generation
the cursor should be placed in its most probably useful position,
such as a data entry field. If input errors are detected, the
cursor should be placed in the first data entry field requiring
correction in the regenerated error display.

Data entry is also facilitated by consistent treatment of data
entry fields on the display, including consistent wording of labels,
consistent placement of labels with respect to entry fields, and
consistent demarcation of the fields themselves. Underlining is
frequently recommended for field delineation, displaying clearly to
the operator where each field is located and also its defined
extent. Even more guidance could be provided by consistent use of
different underlines to indicate different types of data entry,
perhaps dots where optional entries can be made, and dashes where
required entries are expected.

For sequence control, consistent guidance will- also prove
helpful to the operator. As a general principle, the MMI designer
should not rely on the operator to remember what he has just done,
or even what he is currently doing. Operators are often distracted
by competing job demands. For extended transaction sequences the
designer should arrange to display a cumulative record of control
actions for operator review. For control actions whose consequences
are contingent on context, an indication of that context should
always be displayed even if context was defined by the operator, as
recommended in the earlier discussion of sequence control.

Another design feature that can help guide the operator is
consistent provision of an OPTIONS display, a "home base" to which
the operator can return from any point in the control sequence in
order to select a different transaction.

Although consistent MIII design will provide much inherent
guidance to the operator, it is often also desirable to include in
computer-generated display outputs some explicit instructions or
reminders to the operator. Such instructions should be consistently
located in display formatting, perhaps always at the bottom where
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they can be ignored by experienced operators. For inexperienced
operators it may be desirable to provide supplementary guidance or
job instruction, optionally available in response to operator
request, perhaps through selection of a HELP or EXPLAIN option.
Such optional guidance will help adapt the 1111 to different operator
capabilities, supporting the novice user without hindering the
expert.

It should be clear that a general discussion of the kind
provided here offers some perspective to the MIII designer, but
little direct guidance. General principles must be elaborated in
specific guidelines, as illustrated by the sample set for data entry
functions proposed in Appendix C. Further, there must be some means
of comparing proposed designs with those guidelines, as discussed in
the next section of this report.
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SECTION 4

DESIGN REVIEW AND VERIFICATION

Having decided what is needed in MMI requirements definition,
and having specified what is needed in design guidelines, the third
step is to ensure that what is specified will actually be included
in the MMI design. Some review process should be established to
permit early verification of a proposed MII design before its
software implementation, and continuing design coordination
thereafter.

DESIGN DOCUMENTATION

The key to effective design review lies in documentation. In
system acquisition it has become customary to require documentation
in advance of design, at least for critical design elements. In
systems where MII design is considered critical, which probably
includes most C3 systems, documentation should describe interface
characteristics influencing software design as well as hardware
selection, including for each on-line transaction the expected
inputs, required data processing, format of displayed outputs, and
the associated sequence control logic.

There are several ways in which documentation of MII design
could be specified. First, a standard Data Item Description (DID)
might be interpreted to require system development contractors to
provide MMII design data. The most obvious candidates would be the
current (1979) DIDs for human engineering design, DI-H-7056 for
system operation and DI-H-7057 for maintenance. Although these DIDs
are primarily oriented toward equipment design and workspace layout,
there is some implied acknowledgment of software design: "Display
symbology, display formats and control/display operation logic shall
be described with regard to intended use by the operator(s)" (DID-H-
7056, 1979, page 2). Further, there is a stated requirement to
include "narrative which provides rationale for any need to deviate
from, or take exception to, MIL-STD-1472 or other contractual human
engineering documents" (DI-H-7056, 1979, page 3). Presumably any
contractually-imposed MMI design guidelines might be considered as
falling in this "other" category.

A second approach might be to modify an existing DID to deal
more specifically with 11I design. It is evident from the meager
quotations cited above that DI-H-7056 provides little specific
guidance to a contractor as to just what should be included in the
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description of MIII design. But that DID could be expanded for a
particular system acquisition to indicate more clearly what is
needed.

A third approach might be to draft a new contractual
requirement dealing specifically with MMIi design, thus creating a
so-called Unique Data Item (UDI). This approach might serve for
initial exploration of the usefulness of MIII design guidelines, but
in the long run a more standardized approach will be desirable so
that a new UDI does not have to be created for each new program.
Standardized documentation requirements in the long run should
accommodate the needs of all military services, since there is a
strong emphasis within DoD toward eventual adoption of unified
procurement standards.

Whatever its eventual designation, the contractual requirement
for contractor documentation of MIII design should probably specify
both the content and the format for description of the MMIi. With
little precedent for such documentation, one example is the approach
proposed by Pew and Rollins (1975) to document display formats, data
inputs, operator actions and their consequences. This approach to
HMIl design documentation is discussed further in Appendix D.

DESIGN REVIEW

The purpose of MMIi design documo'ntation is review and
coordination. Design review offers several potential advantages.
Early review would allow critique of inadequate design features
before actual implementation. At this stage, suggestions for
improvement of MMIi design would not entail the costs and delays of
software modification. To permit effective review, the contractor
should document the proposed MIII design so that it is clearly
explained to both system developers and intended users.

In some system acquisitions the contractor may be encouraged to
propose additional MIII design standards beyond those included in the
system specification. Standards proposed by the contractor should
be included in MMIi design documentation, so that design review can
determine whether MIII functional requirements will be met.

In an acquisition program involving modifications to improve an
existing system, rather than development of a completely new system,
the contractor may be asked to define MMIi guidelines consonant with
current procedures, which represent de facto design standards.
Again, MIII design documentation will demonstrate contractor
understanding of functional requirements. With increased emphasis
on incremental procurement in system acquisition, modification and
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expansion of existing system capabilities may become the typical
mode of future ESD system development programs.

One aspect of MIII design review deserves particular attention.
In many C3 systems the MIII represents such a significant and
pervasive element of the total effort that review of MIII design can
be a large first step in reviewing overall system design. If
operators are to be intimately involved in critical system
functions, then a detailed review of proposed operator functions
will go a long way toward understanding system functions. Thus a
document describing MIII design could, with some amplification to
include internal data processing and interfaces plus relevant
external constraints, become a description of the larger information
system in which the operators will work.

Such reference to MIII design in order to clarify understanding
of more general system operation can prove helpful in system
acquisition. In ESD programs there is evidence that MIII design
documents have sometimes been generated informally, outside of
contractual requirements, as a spontaneous aid to overall design
review and coordination in system development.

DESIGN COORDINA'TION

Documentation of MIII design could serve a variety of purposes
in design coordination. During initial software implementation, an
MI "design handbook" could provide a single reference to help
coordinate the contributions of different people in hardware and
software engineering groups. Such a handbook could also provide the
basis for configuration management of MIII design, as subsequent
changes are proposed to initial implementation.

For the purpose of coordination, MIII design documentation
should include a sunmmary of the guidelines actually used, i.e., as
adapted from initial design proposals to take into account
subsequently imposed software tradeoffs, hardware constraints, etc.
In effect, the MIII designer should document his work as if he were
telling someone else how to do it.

Such explicit documentation of system-specific MIII guidelines
is presently rare, but is nonetheless needed. A recent example is
provided in a NASA report of MIII guidelines providing a sort of
design handbook for Spacelab experiments:

The purpose of this document is to present CRT display
design and conmmand usage guidelines applicable to
experiments utilizing the Experiment Computer Application
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Software (ECAS) for use by Spacelab scientific
investigators and experiment designers. It is expected
that most Spacelab experiments will have need of such
displays.

The guidelines, while not given as strict
requirements, explain recommended methods and techniques
for presenting data from the ECAS program via the DDS
data display system to the payload crew. The user is
encouraged to apply and follow them, although other
considerations (memory conservation, etc.) may force a
trade-off in specific instances. Used as a reference, the
document will be an important aid in standardizing the
crew/experiment interface among the different payloods and
should result in lower crew training time and increased
efficiency of the payload crew in onboard experiment
operations.

(NASA, 1979, page 1-1)

An MMI design handbook could also provide timely information to
coordinate the preparation of operator manuals and training
materials in parallel with design implementation, in the course of
system development.

MMI design documentation could also continue to provide helpful
guidance after system implementation, for users who may wish to add
or modify displays, operator inputs, sequence control logic, etc.,
in order to meet changing operational requirements. That may become
more common in the future as existing C3 systems are upgraded rather
than new systems built. In such situations, it could be important
to maintain consistency in MMI design between "old" and "new"

portions of a system.

It may seem redundant to keep a written desciption of MI
design once a system is operating. Why not just look at the actual
on-line interface to see what it is like? Certainly it is true that
operational use can provide valuable insight into the advantages and
drawbacks of any particular MII design. And it is operational
performance that provides final design verification. But
operational use is a slow and inefficient way to review some design
features, for example, to discover system response to inputs seldom

made and transaction sequence paths seldom taken.

Moreover, the principles underlying MMI design, the functional

requirements and the chosen guidelines for meeting them, will
probably not all be evident in operational use. It may well be

easier for future designers and users if those principles can be set
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down explicitly for each system, as well as more generally for all
systems. Which brings this report full circle in its
recommendations: system analysts should define and document
functional MMI reouirements as guidelines for the designer, and MMI

designers should in turn document for the system user what they have
done.
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SECTION 5

CONCLUSIONS AND RECOMMIENDATIONS

This report proposes that a significant program of work be
undertaken. It marks a beginning, not an end. Thus only tentative,
interim conclus 4ons are offered, and the chief recommendation is
that the work be carried forward. To follow the approach outlined
here, the next steps involve further development of tools for lMfI
requirements definition and design, and evaluation of the
application of those tools in C3 system acquisition.

Three kinds of tools have been proposed:

1. An MII requirements matrix, a systematic tabulation of
the functional capabilities required by different
operator tasks, to permit requirements definition in
advance of MIII design. The concept of a requirements
matrix is described in Section 2 of this report and
illustrated in Appendix B. A tentative conclusion is
that this requirements matrix could prove a useful
tool, at the least providing a check list for
systematic consideration of MIII requirements, with
some potential promise as an effective means of
coordinating analysis with design. Further
development of this requirements matrix is recommended
in conjunction with evaluation in system acquisition.

2. MIII design guidelines, a compilation of available
wisdom, to be tailored to the requirements of
different system applications. Design guidelines are
discussed in Section 3 of this report and illustrated
in Appendix C. A tentative conclusion is that
guidelines can be found for the design of certain
common MIII functional capabilities, and that these can
be related at least approximately to the requirements
matrix, with potential for tailoring. It is
recommended that the sample set of guidelines
presented here be expanded to provide broader
functional coverage, and then evaluated in system
acquisition.

3. Design documentation, some means of specifying
detailed MIII design for coordination and review in
advance of software implementation. Design
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documentation is discussed in Section 4 of this
report, and one possible approach is illustrated inV
Appendix D. A tentative conclusion is that such
documentation could prove useful for both initial
design and subsequent design modification, but that it
is not clear just what are the proper means for
imposition of this special documentation requirement
in system acquisition. This question should be
explored further, until a formal documentation
requirement can be developed.

All of these proposed tools must be applied to assess their
value. Discussion of the possible utility of these tools for MI
design is an interesting exercise in armchair philosophy, but will
have no practical effect unless carried forward and tested in actual
system development. Certainly no Air Force or DoD design standard
can be justified on the basis of this discussion alone, without
practical evaluation.

In Section 1 of this report, a long introduction of background
material concluded with a call for a collaborative effort, asking
people responsible for system acquisition to join in the development
and evaluation of tools for MIII design. A call for joint
participation is appropriate again here at the conclusion of this
report.

Are you involved in a system acquisition program where MII
design will be critical to effective system operation? Could an MMIl
requirements matrix help define needed functional capabilities?
Would guidelines help MIII design and software implementation? Will
formal documentation of MIII design help system development,
evaluation and future operation? If so, consider using the tools
proposed here.
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APPEND~IX A

SUMMARY INFORMATION RELATING TO MIII DESIGN

This appendix presents tables taken from the report on human
factors in computer systems by Ramsey and Atwood (1979). They are
reprinted here by permission. These tables summarize information
relating to various aspects of MIII design, and thus provide a useful
supplement to various topical discussions in the text of this
report.

The tables have been cited in the text, but are presented here
separately to emphasize their independent provenance. These tables
preserve the titles provided by their authors, and are in the same
general order, but their original "Figure" numbers are changed
somewhat here. The Ramsey and Atwood report, of course, contains
much more detailed information than can be included in these tables,
and should prove an important source document for MIII designers.

An explanation is needed of the reference notation used in the
tables. The listed references are cited more completely at the end
of their source report (Ramsey and Atwood, 1979), and can also be
found in a separately published annotated bibliography (Ramsey,
Atwood and Kirshbaum, 1978). References marked with a single
asterisk indicate reports of survey, questionnaire, or summarized
data. A double asterisk indicates a report of performance data or
detailed results of experimental studies.
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Table A-1

Properties of Some Major Classes of Interactive System User
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Table A-2

User Responses to Inadequate System
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Table A-3SttsiaSude

RepresentativeExmlso Sttsia Sude
of User Behavior in Time-Sharing Systems
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Table A-4

Requirements Analysis: Questionnaire and Survey Methods
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Table A-5

Requirements Analysis: Interviews and Field Observation
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Table A-6

Requirements Analysis: Simulation and Gaming
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Table A-7

Major Approaches to the Modeling of Interactive Systems
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Table A-7 (Concluded)

Major Approaches to the Modeling of Interactive Systems
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Table A-8

Basic Subtasks or Phases Involved in Problem Solving
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Table A-8 (Concluded)

Basic Subtasks or Phases Involved in Problem Solving
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Table A-9

Types of Problem-Solving Aids
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Table A-9 (Concluded)

Types of Problem-Solving Acids
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Table A-10

Some Major Properties of Interactive Dialogues
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Table A-10 (Concluded)

Some Major Properties of Interactive Dialogues
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2
Table A-I

Summary of System Response Time Effects

'n *nO0c

o CO 0 -

0.. ;- C E'n4.,-" 0)0 Ov -

I.. N. "

4-- -

a!

C 4..)4aa.. U400) JE . 4- * ES." -u

in 0- )0 0)L- u fl..- ON .0 *1 4-

D0 o o w

0. 4-'4-flM

W - "- .00 * )

o 0 4.j

ana .. -

o A U ) CCOtoV

>4-'C4) DJ

o w XS.-- 0

4J. 4J +-) S.. o-1M M t

, n L-. - ,. C. 0-

Cl - CA U0 -):

68

4JJ



Table A-12

Basic Interactive Dialogue Types
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Table A-13

Some Known Problem Areas in the Use of Query Languages
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Table A-14

Basic Display Device Types
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Teble A-14 (Concluded)

Basic Display Device Types
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Table A-15

Basic Visual Properties of Displays
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Table A-16

Display Properties of Alphanumeric Characters
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Table A-17

Major display coding techniques
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Table A- 18

Input Device Types
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Table A-18 (Continued)

input Device Types
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Table A-18 (Concluded)

Input Device Types4
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APPENDIX B

MIII REQUIREMENTS MATRIX

In Section 2 of this report, there is a discussion of the
possibility of developing a structured approach to the definition of
man-machine interface requirements. More specifically, it is
proposed to develop a matrix in which MIII functional capabilities
are listed as row labels, identified operator tasks are represented
as columns, and cell entries estimate the degree to which each
capability is required for each task. A first pass at such a
requirements matrix is presented here in Table B-i. Some further
discussion is needed concerning the listing of MIII functions, the
characteristic tasks chosen for illustration here, the estimation of
requirements, and the potential application and extension of this
requirements matrix.

MIII FUNCTIONS

A first pass at listing MIII functional capabilities is
represented by the several hundred row labels in the requirements
matrix. This tabulation has been drawn from several sources, but
particularly from the listing of MIII features by Goodwin (1978).
Capabilities are exprcssed in functional terms, for the most part,
without reference to specific means of implementation, e-g.,
"position designation" rather than "lightpen".

11111 functions are grouped here under six major headings,
generally following their discussion in the text of this report.
First, and most fundamental, is Dialogue Type. Specification of
dialogue type will influence the definition of all other MII
functional requirements.

Other functional areas listed here include Data Entry, Data
Display, Sequence Control (strongly related to Dialogue Type) and
User Guidance. An additional area, Data Transmission, is listed to
indicate that this requirements matrix can be extended to cover a
broader scope of MIII functions than Lhose that have been discussed
ia this report. Data Transmission includes consideration of
automatic data inputs from external systems, which may affect MII
functional design, as well as data transfers resulting from explicit
operator actions.

This listing of MI functions needs further extension to
include capabilities not considered here, e.g., those relating more
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specifically to maintenance tasks, system performance evaluation and
testing.

This listing of MIII functions also needs amplification in some
areas, based on cumulative experience in using the requirements
matrix. Certainly the specification of various dialogue types
(codes 1.x) could be amplified to include sub-headings, perhaps
including response time requirements (as suggested in Table 3-1)
among other things.

Rows now labeled "other" (codes 2.1.2.2, 2.1.3.3.4, 2.2.2,

etc.) could be amplified to cite more specific alternatives. Rows4
labeled "automatic" (codes 2.6.1.1, 2.6.3.1, etc.) could be
amplified to distinguish functions driven by "external" events from[
those resulting implicitly from operator inputs and control actions.

Some of the functions listed here, although seemingly specific,
may on closer examination be defined more effectively in terms of
component sub-functions. For example, text editing (code 2.3.1.2.2)
could be elaborated in terms of subfunctions to type, insert or
delete characters, to mark character strings, to move, copy or
delete marked strings, and to save text in named files, or named or
unnamed buffer stores (Goodwin, 1978, p. 55).

Aside from the need for extension and amplification, this
listing of MMI functional capabilities should be examined critically
as to the proper placement or grouping of functions. In practice,
the close association of Sequence Control with Dialogue Type, noted
above, may make it unfeasible to distinguish these as separate
topics in requirements definition. A less significant example has
to do with the questionable placement of alarm functions, which are
listed here under Sequence Control (code 4.5) to emphasize potential
user participation in determining alarm logic, but must also be
acknowledged under User Guidance (codes 5.1.5, 5.3.3) which is the
general purpose of alarms, and considered ;n connection with other
more specific functions (see code 6.3.4.1 i

CHARACTERISTIC TASKS

To illustrate the potential application of this requirements
matrix, fiur characteristic data processing tasks are shown in
,able B-I as columns in the matrix. These are not "generic" tasks,
.#s that word is used in the text of this report (see page 16), but
thrv should serve to illustrate characteristic patterns of
f~inriauI requirements. These four are, of course, only a small
.*lng of the broad variety of tasks that must be performed in C3

SIn the subject index to a recent bibliography on man-
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computer systems (Ramsey, Atwood and Kirshbaum, 1978), 34 general
application areas are cited, from air traffic control to wargaming.
The variety of different possible operator tasks is probably at
least as large, although that could only be verified by comparative
examination and categorization of task analysis descriptions.

The four tasks tabulated here, although a small sample, do
represent a rather broad range of operational jobs. Two represent
"loperator" tasks, the third is a poorly-defined "analyst" task, and
the fourth a narrowly-defined "data entry/service' task, as those
terms have been applied to characterize user roles (Goodwin, 1978,

pages 43-44; see also text, pages 15-16).

The first task is labeled Mission Scheduling. This is the kind
of data handling task that must be accomplished, for example, at a
Tactical Unit Operations Center (TUOC), assigning sorties from
several squadrons of aircraft to a list of preplanned missions,
trying to optimize aircraft, armament and crew capabilities in
relation to target characteristics, trying to minimize flight
distances and on route refueling requirements, trying to schedule
takeoffs to meet required time over target and schedule returns to
provide time for necessary turn around. TUOC mission scheduling, as
conceived here, requires rather little data entry: mission and[
target data are filed automatically with receipt of orders from the

Tactical Air Control Center, and current squadron status data are
assumed already available. The task itself is well defined. The
operator makes iterative matchings of aircraft and crews against
missions, sometimes changing those that do not fit well in the
developing schedule. Computational aids are needed for
time/distance calculation and would be helpful in assessing proposed
alternative plans. The final schedule must be reported to higher
command and to squadron operations officers, and also filed for
subsequent operations monitoring. Scheduling of preplanned missions
can be done under relatively little time pressure. The operator can
probably accomplish most of the required transactions simply by
pointing at categorized displays, so that an extended form of menu
selection is the preferred dialogue type.

The second task is labeled Operations Monitoring and Control.
This is the kind of task that might be required, for example, in the
Commnunication System Control Element (CSCE) proposed for TRI-TAC
acquisition of tactical communication control facilities (see Smith,
1974). In this task the operator is expected to monitor on a
continuous basis the flow of message traffic through the nodes and
channels of a communications network, to spot overloads and outages,
and to institute control actions as necessary to maintain network
functioning. The operator may have to work under time pressure,



assimilating information from rapidly changing network displays, so
that some form of auxiliary display coding will probably prove
valuable. Computational aids could help the operator predict the
result of proposed network reconfiguration. Communication functions
are needed to transmit control messages to node elements in the
network. Rather little data entry is required in the performance of
this task, and menu selection combined with the direct designation
of nodes and links on a graphic display is probably the best
dialogue type to use.

The third task is labeled Intelligence Analysis. This task is
generally conceived to be like those proposed for the Department of
Defense Intelligence Information System (DODJIS), where an analyst
must access an extensi--e data base in a variety of ways in order to
answer a broad range of questions. Some form of query language is
the dialogue type required here. Other functional capabilities
include flexible formatting of display output, and computational
aids to permit categorization, statistical summary and inference
from stored data. The analyst would probably be a periodic rather
than a continuous user of the computer facility, will draw on other
sources of information, will need capabilities for entry and
manipulation of a variety of data types, including some text
processing and graphics.

The fourth task involves routine Data Entry of the sort
required when loading or unloading air cargo (see Smith, 1976b). The
task must be performed under time pressure by relatively unskilled
personnel. Data formats and the sequence of entries are rigidly
controlled. A variety of data validation checks are applied to
ensure correct entry and pioper cargo handling. This task is
probably best designed as keyed data entry with prompting, in a
question-and-answer type of dialogue.

More tasks should be added as the requirements matrix gains
acceptance and practical use. The eventual list should include
maintenance tasks, with their emphasis on diagnostic routines and
performance evaluation, as well as the kinds of operational tasks
illustrated here.

REQUIREMENT ESTIMATES

MIII requirements are represented by the cell entries in the
matrix. Here only rough estimates are given. For each task every
functional capability has been judged as Essential, Useful or Not
Needed, a three-way categorization suggested in the text of this
report (see page 23).
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Where a function is marked Not Needed, any sub-functions under
that heading have simply been marked with a dash to indicate that no

separate judgments had to be made.

The logical constraints relating ratings for functions and sub-
functions also work in reverse. In this requirements matrix, each
function has been assigned a rating corresponding to the highest
rating given any of its related sub-functions.

If requirement estimates for some functions are redundant,
i.e., directly inferrable from ratings of sub-functions, then why
include them in the matrix? Experience in applying the requirements
matrix may in fact confirm that redundant ratings can be omitted.
They should be retained, however, if they facilitate scanning theI
matrix, or the association of design guidelines with required
functions, or the possible specification of MIII requirements on the
basis of higher-level functions rather than detailed sub-functions.

In the text of this report it is suggested that future
experience may permit replacing qualitative requirement estimates in
the matrix with quantitative indices. This has not been done here,
and some awkward expedients have been adopted to deal with certain
necessarily qaantitative capabilities. An example is the estimation
of required display capacity (see entries under code 3.2). Rather
than simply indicating anticipated capacity requirements as cell
entries in the matrix, a categorization of high-moderate-low has
been incorporated in the list of functional capabilities. Such a
"1solution" enlarges the requirements matrix to little purpose and so
does not seem satisfactory.

In actual application of the requirements matrix to MII
functional specification, it may prove helpful to annotate the
ratings of different capabilities, to indicate just how those
judgments were reached. Supplementary annotation would certainly be
needed to explain ambiguous entries, as when any capability called
"other" has been rated Essential. Such annotation would also help
to delineate the conceptual design of the more general information
system of which the MIII will be a critical part.

Even in its present rough form, however, with qualitative
entries and no annotation, the matrix does seen' to provide a useful
structure for MIII requirements definition. The sample tasks
included here do seem to show different "profiles" of required
capabilities which serve to highlight their characteristic
functional differences. Future experience can confirm whether such
profiled requirements can help guide MIII design.
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APPLICATION AND EXTENSION

Design should follow function. To state function is to implyI
design. To define functional requirements will necessarily
constrain the designer. That is the whole point. Thus requirements
must be specified with care, so that arbitrary constraints will not
exclude desirable design alternatives. This is particularly true in
hardware specification. Constraints in software specification,
however, serve generally to make subsequent software design more
efficient and ultimately better related to needs. The question is,
can use of an MIl requirements matrix constrain design to good
effect?

In its present rough form the requirements matrix is little
more than a check list. Indeed, if the requirement estimates were
simplified to become just a binary categorization of needed versus
not needed, then check list would be an apt designation. Even a
simple check list, of course, can find useful application, serving
to remind system developers of the range of functional capabilities
that should be considered, and providing a structure for the
imposition of design guidelines.

Use of a check list or simple matrix will not necessarily make
requirements definition a simple process. MMIl requirement
estimation will still involve a good deal of judgment, and if done
carefully may imply prior design, at least at a conceptual level, of
the overall information system in which the MNI will be implemented.

A further complexity is that most C3 systems involve multiple
jobs, each with multiple data handling tasks. Thus ratings and
descriptive annotation of the requirements for one task must be
combined with those for another task to produce a total HIl
functional specification.

As the requirements matrix is extended and amplified from this
initial version, its application may become more difficult. The use
of quantitative indices in the matrix, as suggested above, could
permit a relative weighting and trade-off of requirements, with
potential use in evaluating MMIl design proposals as well as in early
requirements definition. But such elaboration of requirement
estimates would probably need computational aids for its effective
use. Thus some sort of computer-based version of the requirements
matrix would have to be developed.

A further extension of this tool might be to expand the listing
of functional capabilities to include other factors influencing 1111
design. The present matrix, for example, does not refer directly to
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means of implementation. For examiple, it is never specified whether
data displays should be implemented as electronic displays (cathode
ray tube or other), on a printer, as an audio output, or by an
other particular means. Where a commitment has already been made to
particular means of implementation, as in upgrading aix existing
system retaining operator work station facilities in place, then
some way mutit be found to include such constraints in MIII
requirements specification.

Perhaps the best way to handle constraints of this kind --
those relating indirectly to software design, such as committed
facilities, unusual work environments, special user characteristics

-is to create a separate check list of expected conditions, rather
than to expand the requirements matrix.

A more difficult decision is how to handle constraints that
could directly affect software design. In system upgrade, retention
of existing software may severely limit options for extending and
improving MHI design. Considered more positively, future system
acquisition may come to rely on "building blocks" of the kind
advocated by Clapp and llazle (1978), in which successful software
implementations of selected MIII functions are preserved as standard
modular packages, and translated as necessary for re-use in new
system applications.

Once such standard MMI modules have been developed, they should
probably be included in any expanded version of the requirements
matrix, to remind system planners of their availability and to
permit their formal inclusion in system specifications as
appropriate. In the long run, increased reliance on such standard
components should simplify MIII specification by reducing the number
of specific features that are considered in the requirements matrix.
But design standardization to that degree still lies many years
away.

Meanwhile, it is clear that this initial version of the MII
requirements matrix represents only a partial, tentative listing,
based on best judgment rather than proven value. This matrix needs
extension and amplification, and its potential usefulness must be
evaluated through cumula'ive experienrn in trial applications.
Suggestions for its improvement are nt Jed and will be welcome.



Table B-i

Sample MMI Requirements Matrix

Characteristic Tasks*

MMI Capability MS OM IA DE

1.0 DIALOGUE TYPE

1.1 Question and Answer N N N E

1.2 Form Filling U N U N

1.3 Menu Selection E E N N

1.4 Function Keys U U N N

1.5 Command Language N U U N

1.6 Query Language N N E N

1.7 Natural Language N N U N

1.8 Graphic Interaction U U U N

2.0 DATA ENTRY/INPUT

2.1 Position Designation (Cursor E E F N
Control)

2.1.1 arbitrary positions E N U -

2.1.1.1 discrete E - U -

2.1.1.2 continuous U - N -

*MS = Mission Scheduling Requirements Ratings:

O = Operations Monitoring & Control E = essential
IA = Intelligence Analysis U = useful
DE = Air Cargo Data Entry N = not needed
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Table B-i (continued)

Characteristic Tasks

MMI Capability MS OM IA DE

2.1.2 predefined positions E E E -
2.1.2.1 "HOME" N N E -
2.1.2.2 other E E N -
2.1.3 incremental positions N N U -

2.1.3.1 by character - - U -

2.1.3.1.1 right - - U -
2.1.3.1.2 left - - U -
2.1.3.1.3 up - - N -

2.1.3.1.4 down - - N -
2.1.3.2 by interval ("TAB") - - N -
2.1.3.2.1 horizontal - -

2.1.3.2.2 vertical - -

2.1.3.3 by other features - - U -

2.1.3.3.1 "word" - - U -
2.1.3.3.2 "line" - - U -
2.1.3.3.3 "paragraph" - - U -

2.1.3.3.4 other - - U -

2.2 Direction Designation N N N N
2.2.1 vector rotation ....
2.2.2 other

2.3 Data Type E E E E
2.3.1 text N N E N
2.3.1.1 formatted (messages/lists) - - U -

2.3.1.1.1 entry - - U -

2.3.1.1.2 change - - U -

2.3.1.2 unformatted (free text) - - E -

2.3.1.2.1 entry (composition) - - E -

2.3.1.2.2 change (editing) - - E -

2.3.2 tabular E E E E
2.3.2.1 entry E N E E
2.3.2.2 change E E E E
2.3.3 graphic U E E N
2.3.3.1 entry U N E -

2.3.3.1.1 selection N - E -

2.3.3.1.2 creation U - U -
2.3.3.2 change U E E -
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Table B-i (continued)

Characteristic Tasks

MMI Capability MS OH IA DE

2.4 Entry Formats E E E E
2.4.1 predefined E E U E
2.4.2 user defined N N E N

2.5 Data Validation E E U E
2.5.1 required entry E E U E
2.5.1.1 immediate E E N E
2.5.1.2 deferrable U N U N
2.5.2 length of entry E E N E
2.5.2.1 fixed E N - E
2.5.2.2 maximum E E - E
2.5.2.3 minimum E N - E
2.5.3 content of entry E E U E
2.5.3.1 numeric E E N E
2.5.3.2 alphabetic E E N N
2.5.3.3 alphanumeric E E N N
2.5.3.4 defined codes E E U E
2.5.3.5 other N E U N
2.5.4 comparative checks E E U E
2.5.4.1 equal to E N U E
2.5.4.2 greater than E E U E
2.5.4.3 less than E E U N
2.5.4.4 "IF.. .THEN" E U U U
2.5.4.5 other N U U N
2.5.5 default entry E E N U
2.5.5.1 predefined N N - N
2.5.5.2 user defined E E - U

2.6 Data Processing E E E E
2.6.1 cross-file update E E U N
2.6.1.1 automatic E E N -
2.6.1.2 by request N N U
2.6.2 derived data (summary U E E E

statistics, etc.)
2.6.2.1 automatic U E U E
2.6.2.2 by request N U E N
2.6.3 other computational aids E U E N
2.6.3.1 automatic N N N
2.6.3.2 by request E U E



Table B-1 (continued)

Characteristic Tasks

MNI Capability MS OM IA DE

3.0 DATA DISPLAY/OUTPUT

3.1 Data Type E E E E
3.1.1 text N N E N
3.1.1.1 formatted - - U
3.1.1.2 unformatted - - E
3.1.2 tabular E E U E
3.1.3 graphic U E E N
3.1.4 combination N E U N

3.2 Data Density
3.2.1 high U E E N
3.2.1.1 (text > 1000 char./frame) N N E
3.2.1.2 (tabular > 600 char./frame) U N U
3.2.1.3 (graphic > 300 char./frame) N E U -

3.2.2 moderate E E E N
3.2.2.1 (text 600-1000 char.) N N E
3.2.2.2 (tabular 300-600 char.) E U U -

3.2.2.3 (graphic 100-300 char.) U E E
3.2.3 low E E E E
3.2.3.1 (text < 600 char.) N N E N
3.2.3.2 (tabular < 300 char.) E E E E
3.2.3.3 (graphic < 100 char.) U E E N

3.3 Data Aggregation E E U E
3.3.1 high (summary display) E E U N
3.3.2 moderate (grouped items) E E U U
3.3.3 low (individual items) E E U E

3.4 Data Coding U E U N
3.4.1 dimensionality U E U -

3.4.1.1 many relevant variables N N U -

3.4.1.2 few relevant variables U E U -

3.4.2 categories ("alphabet") U E U -

3.4.2.1 many > 20) (alphanumeric) N N U -

3.4.2.2 moderate (8-20) (symbol) N N U -

3.4.2.3 few (3-7) (color) U E U -
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Table B-1 (continued)

Characteristic Tasks

MM Capability _6 OH IA DE

3.4.2.4 just two (size, brightness, U E U -

etc.)
3.4.3 criticality N E N -
3.4.3.1 high (redundant coding) - E - -
3.4.3.2 moderate (separate coding) - E - -

3.5 Display Partitioning E E U N
3.5.1 fixed windows E E U -
3.5.2 variable windows N N U -
3.5.2.1 automatic - - N -
3.5.2.2 by request - - U -
3.5.3 multiple displays N U N -

3.6 Display Selection E E E E
3.6.1 by display name E E U N
3.6.2 by data subset name E U U N

("category", "page", etc.)
3.6.3 by data item E E E N
3.6.4 by data characteristics U N E E

("selective retrieval")
3.6.4.1 automatic U - N E
3.6.4.2 by request U - E N

3.7 Data Coverage E U E N
3.7.1 displacement E N E -
3.7.1.1 page (text or tabular) E - E -

3.7.1.1.1 forward E - E -

3.7.1.1.2 back E - E -
3.7.1.2 scroll (text) N - N -

3.7.1.2.1 up
3.7.1.2.2 down
3.7.1.3 offset (graphic) U - U -

3.7.1.4 return/recenter U U -
3.7.2 expansion U U U -
3.7.2.1 incremental U U U -
3.7.2.2 continuous N N U -
3.7.2.2.1 zoom in - U -
3.7.2.2.2 zoom out - U -
3.7.2.3 return/normalize U U U -
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Table B-1 (continued)

Characteristic Tasks

MII Capability MS OM IA DE

3.7.3 other reformatting N U U

3.8 Display Update N E U N

3.8.1 autcmatic - E N -

3.8.2 by request - N U -

3.8.3 rate - E U -

3.8.3.1 normal (event driven) - E N -

3.8.3.2 fast (time compression) - U U -

3.8.3.3 slow - U N -

3.8.3.4 freeze ("stop action") - U N -

3.9 Data Deletion N U U E

3.9.1 automatic - N N N

3.9.2 by request - U U E

3.9.2.1 all ("CLEAR") - N N N

3.9.2.2 data category (selective - U U E

erasure)
3.9.2.3 data item - N U E

4.0 SEQUENCE CONTROL

4.1 Transaction Selection E E E N

4.1.1 general "OPTIONS" E E U -

4.1.2 contingent (step-specific) E E U -

options

4.1.2.1 automatic E E N -

4.1.2.2 by request E E U -

4.1.3 linked commands ("macros") N U E -

4.2 Interrupt E E E E

4.2.1 "BACKUP" N U N E

4.2.2 "CANCEL" E U N E

4.2.3 "RESTART" U N N E
4.2.4 abort E E U N

4.2.5 "END" U N E E

4.3 Context Definition E E U E

4.3.1 automatic N N N E
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Table B-1 (continued)

Characteristic Tasks

MMI Capability MS OM IA DE

4.3.2 by request E E U N
4.3.2.1 user command E E U
4.3.2.2 data category E U U
4.3.2.3 data item E E U

4.4 Error Management E E E E
4.4.1 command validation N U E N
4.4.2 explicit "ENTER" N N E E
4.4.3 "CONFIRM" protection U E E E
4.4.4 direct error correction N N E E

4.5 Alarms N E U N
4.5.1 alarm definition - E U -
4.5.1.1 predefined - E N -
4.5.1.2 user defined - E U -
4.5.1.2.1 categories - E U -
4.5.1.2.2 parameters - E U -
4.5.2 alarm acknowledgment - E U -
4.5.2.1 automatic - U U -
4.5.2.1.1 routine ("timeout") - U N -
4.5.2.1.2 implicit action ("seen") - U U -
4.5.2.1.3 other - N N -
4.5.2.2 user action - E U -
4.5.2.2.1 predefined response - E N -
4.5.2.2.2 user defined response - U U -
4.5.2.2.3 override - N N -

5.0 USER GUIDANCE

5.1 Status Information U E E U
5.1.1 operability U E E U
5.1.1.1 local work station U U E U
5.1.1.1.1 equipment U U U U
5.1.1.1.2 data files U U E U
5.1.1.1.3 functions U U U N
5.1.1.2 system N E N U
5.1.1.3 external N E N N
5.1.2 current users N N U N
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Table B-1 (continued)

Characteristic Tasks

MMI Capability MS OM IA DE

5.1.3 current load (response time) N N U N
5.1.4 timeliness U E U U
5.1.4.1 continuous N E N N
5.1.4.2 periodic N N N N
5.1.4.3 by request U N U U
5.1.4.4 date/time U E U N
5.1.5 alarm signals N E U N
5.1.5.1 categories - E U
5.1.5.2 parameters - E U

5.2 Routine Feedback E E E E
5.2.1 input E E E E
5.2.1.1 data entry E N E E
5.2.1.2 data change E N E E
5.2.1.3 data deletion N E E E
5.2.2 output E E E N

5.2.2.1 requested data displayed E E E -

5.2.2.2 exceeds display capacity E N E

5.2.2.2.1 partial display E N E -

5.2.2.2.2 not displayed N N N -

5.2.2.3 data not available E N E

5.2.3 sequence control E E E N

5.2.3.1 requested transaction E E E -

5.2.3.2 changed context E E E
5.2.3.3 other N U E

5.3 Error Feedback E E E E

5.3.1 error type E E E E
5.3.2 correction procedure E E U N

5.3.3 alert signals E E U E

5.3.4 cursor position E E U N

5.4 Instructional Aids E E E E
5.4.1 automatic E E U E
5.4.1.1 fixed guidance messages E E U E
5.4.1.2 contingent on input E E U E

5.4.1.2.1 command selection E E U N

5.4.1.2.2 context change N U U N

5.4.1.2.3 data entry U N U E
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Table B-i (continued)

Characteristic Tasks

NMI Capability MS OM IA DE

5.4.1.3 command aiding N U U N
5.4.1.3.1 branching options - U U
5.4.1.3.2 disambiguation - N U
5.4.1.3.3 other - N U

5.4.1.4 cursor position U E U N
5.4.2 by request E E E N
5.4.2.1 command index E E E -

5.4.2.2 data index N E E -

5.4.2.3 "HELP", "EXPLAIN" U U E
5.4.2.4 on-job training U N U
5.4.2.5 other (simulation, etc.) N U U
5.4.3 instructional modes E E E E
5.4.3.1 novice users U N E E
5.4.3.2 transitional users N N U N
5.4.3.2.1 by time of use - - N -

5.4.3.2.2 by demonstrated skill - - U -

5.4.3.2.3 other - - U -

5.4.3.3 expert users U U U N
5.4.3.4 mixed user skills E E E N

6.0 DATA TRANSMISSION/COMMUNICATION

6.1 Data Transfer E E E E
6.1.1 to files E E E E
6.1.1.1 own E E E E
6.1.1.2 other users U N U N
6.1.2 to other terminals N N U N
6.1.3 to printer U U E E
6.1.4 external E E N U

6.2 Data Type E E E E
6.2.1 text E E E N
6.2.1.1 formatted E E E -

6.2.1.1.1 messages E E E -

6.2.1.1.2 documents N N E
6.2.1.2 unformatted N N E
6.2.2 tabular E E E E

6.2.3 graphic N N U N
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Table B-I (concluded)

Characteristic Tasks

IMI Capability MS 011 IA DE

6.2.4 alarm/alert signals N E N N

6.3 Transmission Control E E E E
6.3.1 data source E E E E
6.3.1.1 from display U N E N
6.3.1.2 from files E E E E
6.3.2 data specification E E E N
6.3.2.1 by display- name N N E -
6.3.2.1.1 all - - E -

6.3.2.1.2 designated part - - U -
6.3.2.2 by data name E E N -
6.3.2.2.1 category E E - -

6.3.2.2.2 item U E - -

6.3.3 initiation E E E E
6.3.3.1 automatic N E N E
6.3.3.1.1 continuous - N - N
6.3.3.1.2 periodic N - N
6.3.3.1.3 contingent on transaction - E - E
6.3.3.2 by request E E E N
6.3.4 feedback E E U N
6.3.4.1 transmission E E U -
6.3.4.1.1 initiated N E N -
6.3.4.1.2 confirmed E E U
6.3.4.1.3 failed E E U -

6.3.4.2 message received N E U -

6.3.4.2.1 priority - E U -

6.3.4.2.2 routine - E U -
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APPENDIX C

SAMPLE DESIGN GUIDELINES FOR DATA ENTRY

In Section 3 of this report, it is recommended that guidelines
be prepared pertinent to the design of the man-machine interface for
C3 systems. In this appendix, in Table C-i, a sample set of 72
guidelines is provided for design of functional capabilities
relating to data entry. These MMI functions are those that have
been given codes 2.x in the requirements matrix presented in
Appendix B.

These design guidelines for data entry are not invented here
for the first time. Most of them have been taken,'albeit reordered
and sometimes reworded, from more comprehensive sets of guidelines
proposed by Engel and Granda (1975), and by Pew and Rollins (1915).
Those prior authors deserve credit for setting down first what many
people imagined they knew already but had not explicitly formulated.

These guidelines represent just a partial, tentative sample of
what might be derived from published recommendations. Similar
guidelines could be listed for other functional areas of 1111 design.
Even the data entry functions chosen for illustration here are not
completely represented by these sample guidelines. There are, for
example, no guidelines here that are specifically pertinent to
graphical data entry. Presumably those could be derived from other
reference sources.

Like the requirements matrix, the list of design guidelines
will grow larger through cumulative experience with its use in trial
applications. In this present listing, however, something of the
variety of possible "rules" is evident. Some rules are simple,
almost too simple to need stating. Others are complex. Some rules
seem to apply generally to data entry functions, whereas others are
directed toward specific sub-functions. The guidelines listed here
are grouped in relation to the primary sub-functions of data entry,
as coded in the requirements matrix.

What is missing from this sample list? Aside from graphics,
many other specific sub-functions are poorly represented. There are
undoubtedly many special-purpose rules still to be stated, which
pertain to particular data entry applications.

Conversely, there may be some rules so elementary, so generally
accepted, that no one thinks of them and they are never explicitly
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stated. That is a mistake. Even the simplest rules deserve some
sort of acknowledgment, as a reminder to the designer.

An example is the recommendation that a displayed cursor should
not obscure another symbol whose position it may mark (see rule
2.1-2 in Table C-1). This rule seems self-evident, yet it is
missing from published guidelines. Once in a while, however, a
display will be designed in such a way that when its cursor marks
another character that character is temporarily erased. Anyone who
has to work with such a display will be reminded of the need for
this "missing" rule.

One obvious deficiency in the guidelines listed here is the
infrequent inclusion of examples. For the MIII designer, examples
might help to clarify the intent and significance of the rules. If
lists such as this are to be published as design standards, they
should be written to include more examples.

Some guidelines relating to the provision of routine feedback
for data entry are included here, although they relate also to
functional capabilities for User Guidance (code 5.2 in the
requirements matrix). Not included here are guidelines for other
User Guidance functions relating to data entry, such as feedback for
error correction (code 5.3) and instructional aids for data entry
(subfunctions under code 5.4). Also not included here are Sequence
Control functions associated with data entry, including interrupt
functions (code 4.2) and error management (code 4.4).

Another deficiency of this sample list is its almost exclusive
concern with electronic visual displays as the input/output medium
for man-machine interaction. A few references to auditory displays
are included, but more are needed. Additional guidelines would also
be needed for MIII designs employing a teletype (or reactive
typewriter) rather than electronic displays.

The dependence of design on its means of implementation is
acknowledged in the contingent wording of some of the guidelines
listed here. For the most part, however, the list includes
functional rules rather than hardware specification. Such
functional guidelines could be amplified to include a more explicit
recognition of hardware features if that were appropriate in system
acquisition.

Certainly there are hardware features implied in these
guidelines, including function keys for ENTER, CONFIRM, BACKUP,
CANCEL, DITTO, PRINT, possibly DEFAULT and RESTART, as well as
various tab keys for controlling cursor position, for 1111 designs
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involving form-filling dialogues. It is not clear whether it would
prove desirable in system acquisition to state the hiardware
implications of these guidelines more specifically. It may be
better to leave that to the designer.

One significant weakness in current design guidelines is that
they are based on opinion, judgment, accumulated wisdom, rather than
on quantitative performance measures. Thus the designer is given
good advice but not told the consequences of ignoring it. Until
research on man-machine interaction catches up with application,
which may take a long time, this weakness cannot be remedied. For
the present, it can be argued that good advice, even if ignored, is
probably better than no advice at all.

If design guidelines are based on judgment, then they are
potentially controversial. Thus any proposed guidelines should be
examined through extended debate and in broad-ranging application
before they can be adopted as a general design standard. Some rules
that sound good for the general case may fail in a specific
application. Such exceptions should be noted as they are
discovered. Meanwhile, readers of this report are invited to
propose improvements and additions to the sample guidelines
presented here.

As any initial list of guidelines is gradually amended and
extended, the eventual result may become quite a large design
handbook. For any particular system application the large total set
of guidelines would need tailoring to the particular dialogue
type(s) selected for use and in accord with the M111 requirements
matrix for that system. Procedures for tailoring design guidelines
must be worked out in practice. As suggested in the text (see page
18), computer-based aids could be helpful in this regard. The
result of such tailoring, in combination with a detailed
requirements definition, should provide an effective functional
specification for the man-machine interface.
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Table C-1

Design Guidelines for Data Entry Functions

Code*

2.0 DATA ENTRY/INPUT

- 1 Where data entry is a significant-task function, it
should be accomplished via the operator's primary
display. (For example, entry via typewriter is
acceptable only if the typewriter itself, under
computer control, is the primary display medium.)

- 2 Data entry transactions, and associated displays,
should be designed so that the operator can use one
mode of entry as long as possible before having to
switch to another (e.g., switching from lightpen to
keyboard input).

- 3 Except for passwords and other secure entries, keyed
inputs should always appear in the display.

- 4 Keyed data entry and change on an electronic display
should generally be accomplished by direct character
replacement, in which keyed inputs replace underscores
or previous entries (including default values) in
defined data fields.

- 5 Wherever possible, data entry should be self-paced,
depending upon the operator's needs, attention span
and time available, rather than computer processing or
external events. (Where self-pacing does not seem
feasible, the general approach to task allocation and
1111 design should be reconsidered.)

- 6 Using a form-filling dialogue, entry of logically
grouped items should be accomplished by a single,
explicit action at the end, rather than requiring
separate entry of each item.

*Refers to coding scheme of functional capabilities adopted for the
M1M1 requirements matrix in Appendix B (see Table B-1).
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Table C-1 (continued)

-7 Where multiple items are entered as a single
transaction, the operator should be allowed to "back
up" and change any item before taking the final entry
action.

2.1 Position Designation (Cursor Control)

- I Position designation on an electronic display should
be accomplished by means of a movable cursor with
distinctive visual features (shape, blink, etc.).
(However, where position designation involves only
selection among displayed alternatives, then some form
of highlighting selected items might be used instead
of a separately displayed cursor.)

- 2 The cursor should be designed so that it does not
obscure any other character which may be displayed in
the position designated by the cursor.

- 3 Where fine accuracy of positioning is required (as in
some forms of graphic interaction) the displayed
cursor should include a point designation feature.

- 4 Actual entry ("activation") of a designated position
should be accomplished by an explicit operator action
distinct from cursor placement.

- 5 For arbitrary position designation, the cursor control
should permit both fast movement and accurate
placement. Rough positioning should take no more than
0.5 seconds for a displacement of 20-30 cm on the
display. Fine positioning may require incremental
stepping of the cursor, or a control device
incorporating a large control/display ratio for small
displacements, or a selectable vernier mode of control
use.

- 6 In position designation, the displayed cursor should
be stable, i.e., should remain where it is placed
until moved by the operator (or computer) to another
position.
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Table C-1 (continued)

-7 Continuous position designation, such as used for
input of track data, should be accomplished by
continuously operable controls (e.g., thumb wheel for
one dimension, joystick for two dimensions) rather
than incremental, discrete key actions.

-8 When position designation is the sole or prime means
of data entry, as in selection of displayed
alternatives, cursor placement should be accomplished
by a direct-pointing device (e.g., lightpen) rather
than by incremental stepping or slewing controls
(keys, joystick, etc.).

-9 In selection of displayed alternatives, the acceptable
area for cursor placement should be made as large as
possible, including at least the area of the displayed
label plus a half-character distance around the label.

-10 Where position designation is combined with keyed data
entry, cursor movement should be controlled at the
keyboard (by function keys, joystick, "cat", etc.)
rather than by a separately manipulated device
(lightpen, "mouse", etc.).

-11 On initial appearance of a data entry display the
cursor should be placed automatically at the first
character position of the first input field.

-12 Display formats for data input should be designed so
as to minimize operator actions required for cursor
movement from one entry field to the next.

-13 Sequential cursor positioning in predefined areas,
such as displayed data entry fields, shouid be
accomplished by programmable tab keys.

-14 Areas of a display not needed for data entry (such as
labels and blank spaces) should be made inaccessible
to the operator, under computer control, so that the
cursor does not have to be stepped through blank areas
nor are they sensitive to pointing actions.
(Mechanical overlays on the display should not be used
for this purpose.)
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Table C-1 (continued)

-15 Operator action confirming entry of multiple data
items should result in input of all items, regardless
of where the cursor is placed on the display.

2.2 Direction Designation

I Where accurate designation of direction is required,
some "analog" means of entry should be provided, such
as vector rotation on the display, and/or a suitably
designed rotary switch (see Smith, 1962). Where only
approximate direction designation is required, for
just eight cardinal points, keyed entry can be used.

2.3 Data Type

-I Ideally, the length of individual data entries should
not exceed 5-7 characters, except for textual
material. Longer items (such as the 17-character
transportation control number for air cargo) exceed
the operator's memory span, inducing errors in both
data entry and reviewv.

-2 Where longer items must be entered, the item should be
partitioned into shorter symbol groups for both entry
and display (e.g., a 10-digit telephone number entered
as three groups:__

-3 Where portions of a long item are highly familiar or
rendundant, ideally those should be entered last, in
order to reduce the load on the operator's short-term
memory (but not if this sequence would violate a
functional requirement, such as initial keying of area
code in telephone numbers).

-4 Minimize keying in data entry by abbreviation of
lengthy inputs where that can be done without

ambiguity, providing data validation routines andI
operator interrogation as necessary to resolve any
ambiguity which may arise.

-5 Where abbreviated codes are used to shorten data
entry, code values should be designed to be as
distinctive as possible in order to avoid potentially

102



Table C-1 (continued)

confusing similarity (e.g., BOS vs. LAX is good; LAS
vs. LAX is bad).

-6 Where alphabetic data entry is required, restricted
alphabetic sets should not be used. Software might be
provided to interrogate the operator to resolve any
input ambiguities resulting from hardware limitations
(see Smith and Goodwin. 1971).

-7 Special characters used in data entry (,* /etc.),
particularly if used frequently, should be chosen
insofar as possible so that the keyboard operator will
not have to shift from one case to another.
(Conversely, keyboard designers should put frequently
used special characters where they can be most easily
keyed.)

-8 Entry of leading zeros should be optional for general
numeric input, though it may be required occasionally
for special cases (e.g., entry of serial numbers or
similar identifiers.)

-9 For input of tabular data, where vertical repetition
of entries is frequent the operator should be provided
a "ditto" key to speed entry of duplicative data.

2.4 Entry Formats

I Wherever possible, multiple data items should be
entered without the need for special separators or
delimiters, either by keying into predefined entry
fields or by including simple spaces between
sequentially keyed items. Where a delimiter must be
used, adopt a standard character; slash (/) is
preferred.

-2 For all dialogue tynes involving prompting, data
entries should be prompted explicitly by means of
displayed labels for data entry fields, and/or
associated user guidance messages.
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Table C-1 (continued)

- 3 For operator-initiated (command language) dialogues, a
means of entry stacking should be available so that an
experienced operator can shortcut prompting sequences.

- 4 For data entries involving selection among displayed
alternatives, implicit prompting can be provided by
marking (brightening, inverse video, etc.) the
selected alternative(s).

- 5 Implicit cues should be provided in form-filling
dialogues to supplement explicit labels. Special
characters (e.g., underscores) should be used to
delineate each entry field.

- 6 Field delineation cues should distinguish required
(dashed underscore) from optional (dotted underscore)
entries, and should indicate the maximum acceptable
length of the entry. (Similar implicit cues can be
provided when data entry is prompted by auditory
displays. See Smith and Goodwin, 1970.)

-7 Where item length is variable, the operator should not
have to justify an entry either right or left, and
should not have to remove any unused underscores.

- 8 Where multiple items (especially those of variable
length) will be entered by a skilled touch typist,
each entry field should end with an extra (blank)
character space. This will permit consistent use of
tab keying to move from one field to the next. An
auditory signal should be provided to alert the
operator if an entry is keyed into a blank space.

-9 Where entry fields are distributed across a display, a
consistent format should be adopted for relating
labels to delineated entry areas. For example, the
label might always be to the left of the field; or the
label might always be immediately above and left-
justified with the beginning of the field. Such
consistent practice will help the operator distinguish
labels from data in distributed displays.
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Table C-1 (continued)

-10 Where tabular formats are used for data entry, column
labels should be left-justified with the leftmost
position beginning column entries, especially when
columns vary in width.

-11 Numeric entries (e.g., dollars and cents), although
entered as left-justified, should be automatically
justified with respect to a fixed decimal point if a
display of these data is regenerated for review by the
operator.

-12 Labels for data entry fields should be distinctively
worded, so that they will not be readily confused with
data entries, labeled control options, guidance
messages, or other displayed material.

-13 In labeling data entry fields, only approved terms,
codes and/or abbreviations should be used. Do not
create new jargon. If in doubt, pretest all proposed
wording with a sample of qualified users.

-14 Labels for entry fields may incorporate additional
cueing of data formats where that seems helpful, for
example, DATE (t1/D/Y):

-15 Where a dimensional unit (,mph, kin, etc.) is
consistently associated with a particular data field,
it should be displayed as part of the fixed label
rather than entered by the operator. Where
alternative dim~ensional descriptors are acceptable,
then space sho. td be provided in the data field for
operator entry of a unit designator.

-16 Where data entry displays are crowded, auxiliary
coding should be adopted to distinguish labels from
data. The recommended standard is to display fixed,
familiar labels in dim characters, with data entries
bright.

-17 Display formats for data entry should be identical or
compatible with formats used for display output,
scanning and review of the same data items. Where a
display format optimized for data entry seems unsuited
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Table C-i (continued)

for data review, or vice versa, some compromise format
should be designed taking into account the relative
functional importance of data entry and review in the
operator's task.

-18 Where data entry involves transcription from source
documents, in a form-filling dialogue displayed forms
should match (or be compatible with) paper forms. In
a question-and-answer dialogue, the sequence of entry
should match the data sequence in source documents.
(Where paper forms are not optimal for data entry,
consider revising the layout of the paper form.)

-19 Where data entries must follow an arbitrary sequence
of external inputs (e.g., keying telephoned
reservation data), some form of command language
dialogue should be used to identify each item as it is
entered, so that the operator does not have to
remember and re-order items.

-20 If no source documents or external inputs are
involved, the ordering of multiple-item data entries
should follow the logical sequence in which the
operator can be expected to think of them.
Alternatively, data entry can sometimes be made more
efficient by placing all required fields before any
optional fields.

2.5 Data Validation

- 1 Automatic data validation software should be
incorporated to check any entry whose input and/or
correct format or content is required for subsequent
data processing. Do not rely on the operator always
to make correct inputs.

- 2 Where critical data entries have not been input, but
can be deferred, data validation software should
signal that to the operator, permitting either
immediate or delayed input of missing items.

- 3 Where deferred entry of a required data item is
necessary, the operator should have to enter a special
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Table C-1 (continued)

symbol in the data field to indicate this item has
been temporarily omitted rather than ignored.

-4 In a repetitive data entry task, data validation for
one transaction should be completed, and the operator
allowed to correct errors, before another transaction
can begin. (This is particularly important when the
operator is transcribing data from source documents,
so that any detected input errors can be corrected
while the relevant document is still at hand.)

- 5 Item by item data validation within a multiple-entry
transaction may be helpful to a novice user, but if
this capability is provided it should be only as a
selectable option. It will tend to interrupt and slow
a skilled operator.

- 6 Where useful default values for data entry cannot be
predicted by system designers, which is often the
case, the operator (or perhaps some authorized
supervisor) should be provided a special transaction
to define, change or remove default values for each
data entry field.

- 7 Currently defined default values should be displayed
automatically in their appropriate data fields with
initiation of a data entry transaction. The operator
should not be expected to remember them.

- 8 Operator acceptance of a default value should be
accomplished by simple means, such as by a single
confirming key input or by tabbing past the default
field. (Similar techniques should be used in tasks
involving operator review of stored data.)

- 9 In any particular data input transaction the operator
should be able to replace any default value with a
different entry, without changing current default
definition.
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Table C-1 (continued)

2.6 Data Processing

-I The user should not be required to enter redundant
data, already known to the computer, except as needed
for resolving ambiguous entries, security (user
identification), verification of stored data (better
handled by review rather than re-entry) or Gperator
training. (For example, the operator should not have
to enter both an item name and identification code
when either one defines the other.)

-2 Data entries made in one transaction skhould be
remembered by the system when relevant to another
transaction, and displayed for review if appropriate.
The operator should not have to enter those data
again.

- 3 Wherever needed, automatic computation of derived data
should be provided, so that the operator does not have
to calculate and enter any number that can be derived
from data already entered in the system.

- 4 Wherever needed, automatic cross-file update should be
provided, so that the operator does not have to enter
the same data twice (e.g., assignment of aircraft to a
mission should automatically indicate that commitment
in squadron status files as well as in a mission
assignment file).

5.2 Routine Feedback

- I In tasks where data input is usually a single,
occasional transaction, successful entry should be
signaled by a confirmation message without removing
any visual display of the entered data. (This follows
a general principle of sequence control that the
operator should leave one transaction and choose the
next by explicit command.)

- 2 In tasks where data input is usually repetitive, in a
continuing sequence of transactions, successful entry

s hould be signaled by regeneration of the data entry
display, automatically removing the just entered data
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Table C-1 (concluded)

in preparation for the next entry. (This represents
an exception to the general principle of sequence
control by explicit operator choice, in the interest
of efficiency.)

- 3 Where an entry will cause any extensive change in
stored data, procedures and/or system operation, and
particularly if that change cannot be easily reversed,
the operator should be notified and required to4
confirm the entry action before it is implemented.

- 4 In an extended data entry transaction, wherever
possible a cumulative record of operator inputs should
be displayed if relevant to the current input. (In a
multi-page data entry display, for example, do not
rely on the operator to remember data accurately from
one page to the next.)

- 5 Keys and other input devices not needed for data
entry, particularly those with disruptive
consequences, should be temporarily disabled under
computer control, during data entry transactions.
(Mechanical overlays manipulated by the operator
should be used only as a last resort.)

- 6 Where computer processing of just-entered data will
result in a noticeable delay, an acknowledging message
should appear, and the keyboard should be
automatically locked until the operator can begin a
new transaction. Keyboard lock should be accompanied
by disappearance of the cursor from the display and

* (especially if infrequent) by some more specific

* T indicator such as an auditory signal.

-7 Where the operator requires a printed record of data
entries, a print request should not change the
contents of the display, except for the addition of a
confirmation message if printing is accomplished

remotely.
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APPENDIX D

DOCUMENTING IIMI DESIGN

In Section 4 of this report it is argued that definition of
functional requirements and establishment of guidelines, although
worthy activities, are not sufficient to ensure effective IIMI
design. It will be necessary to document a proposed design for
review and coordination by the various groups of people responsible
for system development and operation.

Design documentation should certainly provide an account of
requirements met and guidelines followed, but should include other
material as well. Pew and Rollins (1975) recomend five components
for design documentation. With some changes of terminology, these
five components can be summarized as follows.

1. Task Flow Chart. This breaks down a generally stated
operator task into a logical series of decisions to be
made and information handling activities to be
performed. Some of these activities will involve
interaction with a computer subsystem, and some may
not. Task analysis at this level may be provided in a
system functional specification, but more often must
be developed in the first stage of system design.

2. Transaction Flow Chart. This breaks down those
activities involving computer use into a series of
discrete transactions. The proposed man-machine
dialogue is outlined step by step, or as is sometimes
said for dialogues involving visual displays, frame by
frame. The transaction flow chart indicates choices
the operator can make in sequence control, contingent
branching as a result of operator input, data entries
required, outputs generated, etc.

3. Display (Frame) Format. Working from the transaction
'Flow chart, each step or display frame must be
specified in detail. The most effective way to do
this is to design a facsimile display showing the
exact wording, spacing, etc., that will be used. Here

to the designer.
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4. Inpu Data Definition. For transactions involving
data entry, it will be necessary to provide a
definition for each item (or "variable") to be input.
This definition will involve specifying the range of
acceptable values for each entry where data validation
is required, the consequences of data entry in terms
of required computer processing, and the implications
(if any) for subsequent sequence control and for user
guidance.

5. User Guidance. For any transaction, but particularly
for transactions involving data entry, the designer
should specify the feedback that will result from any
possible operator action, e.g., alarm or alert
signals, guidance messages, other display changes.
Often this aspect of MI11 design is conceived more
narrowly, in terms only of the specification of error
messages. It will help MMIl design, however, if the
designer can adopt a broader perspective. Perhaps the
operator should be given a message requesting
confirmation of a doubtful entry, i.e., an entry that
is so unlikely that it is probably though not
certainly an error. Perhaps the operator should be
requested to enter additional data to amplify an entry
just made. Or perhaps the operator should simply be
given a message suggesting the next step in a
transaction sequence. There are many possible aspects
of user guidance that cannot fairly be termed error
messages.

In their report, Pew and Rollins suggest that special forms be
adopted for documentation of these various aspects of MMIl design.
Examples of their forms are reproduced here, with permission, in the
remaining pages of this appendix, to give an idea of what may be
needed for documentation purposes. The task chosen for illustration
has to do with commodity loan repayment, for an information system
being considered at that time (1975) by the U.S. Department of
Agriculture. Of interest here, however, is the general approach
used rather than the particular task being documented. Other forms
of documentation might work as well, or better, as long as a similar
degree of detail is achieved.

Pew and Rollins make the additional recommendation that once
HMi design has been documented it should be subject to configura tion
management control. That is to say, during software implementation
changes to a documented NI design should be made only after review
and authorization. Such control will help ensure design



consistency, so that different people can implement different parts
of the HlI with reasonable confidence that the parts will fit
together as a coherent whole. That seems a good idea.

1
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Figure D-1. Sample Task Flow Chart
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Figure D-2. Sample Transaction Flow Chart
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